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INTRODUCTION 


A study on the * Introduction to Natural Science in Primary Schools * 
was prepared by the International Bureau of Education for the XI[th Inter- 
national Conference on Public Education, held in 1949. It served as the 
basis of discussion at the Conference, and formulation of a recommendation 
stressing the desirability of developing aptitudes for observation and 
experimentation at primary level, and the importance of natural science 
teaching in this connection. 

The present study is the natural sequel to the first. It deals, of course, 
no longer with an introduction to natural science, but with the teaching of 
hatural science proper and its various branches, and its aims, methods, 
and syllabuses. 

Replies for the present study were received from forty-eight countries. 
They indicate in detail present tendencies in natural science teaching at 
secondary level, and clearly reveal the increasing emphasis on the bio- 
logical aspects of the subject. 

The customary general survey preceding the reports on each individual 
country, attempts to draw certain conclusions. The variety of aims and of 
available equipment, however, has made generalisation difficult. [tis never- 
theless evident that the countries concerned are unanimous in wishing 
to make natural science teaching more experimental and to bring it into 
closer touch with life. 

We are deeply grateful to the various Ministries of Education for 
their prompt and detailed replies and accompanying documents, to all 
those persons who have cooperated in the present study, and to Mr. Ff. M. 
Newell in particular for his valued advice and suggestions. 


Rachel GamMPeEnt 


Research Division 
International Bureau of I:ducation 








QUESTIONNAIRE ADDRESSED 
TO THE MINISTRIES OF EDUCATION 


I. PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


1. In what sections or divisions or at what stage of the several types of 
secondary schools are the various subjects grouped under the name of 
natural science (such as biology, zoology, botany, mineralogy, geology, 
physiology, anatomy, etc.) taught?! 

In what years of the different sections of secondary schools is each of 
these subjects taught—as part of the general curriculum and not as 
vocational instruction—and under what name ? 

To what age do these classes correspond ? 

How many hours a week are devoted to these subjects in each class ? 

Is natural science teaching sometimes optional ? 

If so, kindly specify in which cases. 

Is the same importance given to natural science in comparison with other 
subjects : 

(a) in promotion examinations ; 

(b) in the secondary school leaving examination ? 


Il. Arms or NATURAL SCIENCE TEACHING 


What are the aims to be attained in teaching natural science, as given 
in the official instructions regulating the different sections or types of 
secondary schools ? 

III. SYLLABUSES 


What are, very briefly stated, the principal questions treated in the 
natural science syllabus for each class in the different sections of secondary 
schools ? 


IV. TeacnInc Mretruops 


Are there any official recommendations concerning the methods to be 
used in teaching natural science in secondary schools ?_ If so, what briefly 
are their requirements ? 

If not, what are the methods most commonly used ? 

What importance is given respectively to formal teaching, observation 
and active experimentation by the pupils ? 

In what way is observation and experimentation carried out (indoor 
experiments, laboratory work, school gardens, keeping of pets, nature 
study, local studies, drawing, contributions to school museums, individual 
collections, nature rambles, handicrafts, visits to factories or to various 
enterprises, etc.) ? 


' The teaching of physics and of chemistry is reserved for a later inquiry. 
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Is the knowledge acquired in the natural science lessons applied practically 
to daily life (in such matters as health, nutrition, clothing, climate, 
protection of nature, ete.)? 

Are there official instructions concerning the choice and use of textbooks 
for the teaching of natural science at secondary school level? 

If so, what are their requirements ? 

In cases where textbooks are not used, by what are they replaced ? 
What aids to teaching are used (apparatus, natural objects, collections, 
pictures, charts, lantern slides, films, broadcast lessons, books in the 
school library, school museum, etc.) ? 

Are there any instructions regarding such equipment ? 


V. TEACHING STAFi 


What special scientific or pedagogical training is required of teachers 
entrusted with the natural science teaching in secondary schools ? 
What degrees or diplomas are required ? 


Does the same teacher teach all the natural science subjects ? 
What means are employed to keep serving teachers up-to-date in their 


scientific knowledge (interchange of teachers, associations of natural 
science teachers, educational journals, travel scholarships, etc.) ? 


Vi. MIsceLLANEOUS 
Are any modifications envisaged in the teaching of natural science in 
secondary schools ? 


What are the most recent books on method for the teaching of natural 
science in secondary schools, published in your country ? 


Supplementary information related to the subject. 


If possible, kindly add to your reply : (a) a selection of textbooks used in 
your country for the teaching of natural science in secondary schools ; 
(b) a list of educational films and slides utilised in natural science teaching ; 
(c) any other documents of particular interest to this subject. 

All material and documents sent will figure in the Permanent Exhibition 
of Public Education in Geneva and in the collection of documents of the 
International Bureau of Education. 
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PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Scope AND Types OF TEACHING 


General agreement does not exist as to exactly what subjects the 
term natural science should cover. In some countries it is limited to the 
biological sciences, while in others it includes physies and chemistry as well. 

In order to ensure some degree of uniformity in the replies, and also 
to restrict the scope of an already wide study, it was therefore decided, 
as indicated in the questionnaire, to reserve physics and chemistry for 
a later inquiry and to confine the present one to biology, zoology, botany, 
mineralogy, geology, physiology, anatomy, and allied subjects. 

It is evident from the replies that these divisions of natural science, 
even in the restricted sense given the term in the questionnaire, are some- 
What arbitrary. So far as possible, however, they will be adhered to. 

In one form or another, some or all of these divisions of natural 
science are taught in all the general secondary schools in all the countries 
that have replied to the questionnaire. 

Broadly speaking, natural science teaching is of the following three 
types :-— 

Type (a). Were the various divisions of natural science are taught, at 
all events in the early years, as one single subject. This subject generally 
includes the physical sciences, is designated globally as * general science "’, 
“elementary science’, or the like, and begins to be split up into its 
component divisions, each taught under its own name, only in the upper 
Classes. 

Type (6). This is like type (a) in that it is global, but differs from 
type (a) in that the synthesis is made at the level of a scientific study of 
life itself, rather than at the functional, practical level. This synthesis is 
grounded in biology, and is therefore often simply called “ biology ” (or 
* biological sciences "’), a term largely corresponding to “ natural history "’. 

Type (c). Here the various divisions of natural science are taught each 
under their own name from the very beginning of the course. At later 
stages of the course, this approach may resolve itself into the teaching of 
* biology ”, and thus begin to partake of the nature of type (b). 


It must be emphasised that these three types of teaching natural 
science represent a very broad and schematic analysis, and the lines of 
demarcation between them are by no means clearly drawn in practice. 
Various combinations of them may be in use in any given country. This 
question will be taken up again in the section dealing with the aims of 
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natural science teaching, and discussion limited for the time being to 
indications of where these three approaches may be found operating. 


Type (a), the concentric, functional approach, predominates in the 
English-speaking countries and in systems which bear traces of Anglo- 
Saxon influence. It is to be found in particular at junior secondary or 
intermediate level. It includes elements from all the sciences, and facili- 
tates the pupils’ choice of one particular branch for more specialised 
study in the higher classes. 

Some of these countries, as for example Australia and South Africa, 
nevertheless offer specialised courses in certain sciences right from the 
beginning of secondary education. On the other hand, others of them, as 
for example Canada, the United States and India, offer pupils the possi- 
bility of prolonging their study of “ general science” right to the end of 
the secondary course, and thus of avoiding specialisation. 


Type (b), the biological approach to natural science teaching, is to 
be found, for example, in Austria. It there covers the eight years of general 
secondary education. A similar approach is used at the grammar school in 
Zurich in Switzerland, and also in Denmark, where natural history is 
taught in the first four years, and biology thereafter. 

In the German Federal Republic, zoology, botany, physiology and 
anatomy are taught under the heading of natural history or biology during 
the six years of the intermediate schools or Realschulen, and the nine years 
of the senior secondary schools. 

In Belgium, natural science is limited to botany and zoology in the 


first two years, and is then taught in the framework of biology. 

In Greece, Israel, and several Latin American countries, too, natural 
science teaching is synthesized round biology. 

In some cases, the synthesis also includes geography. 

In Portugal, for example, natural science is designated “ geographic- 
natural science’ at the first, two-year stage of secondary education. 
It then becomes * natural sciences ” in the second, three-year stage, and 


** biology and geology "’ in the third, two-year stage. 

In Finland, natural history (i.e., botany and zoology) is combined 
with geography in the five years of the intermediate school, and comprises 
general biology in the succeeding three years at college level. 

In Italy, general, human and economic geography is made to serve 
as concluding and synthesizing study in the natural science course. 


In the countries where type (c), the analytic approach, prevails, the 
natural science course generally consists of botany and zoology (taught 
separately orin combination) in the first two years, followed by anatomy and 
physiology (including hygiene), and concluding in many cases with biology. 

In France, science teaching begins inductively with a series of scientific 
notions which are in a sense comparable with tae “ general science ” 
taught in countries with a definitely concentric, functional approach. It 
is then differentiated as follews: zoology and botany in the 5th class ; 
mineralogy and geology in the 4th class ; human anatomy and physiology, 
and hygiene, in the 3rd class. At the second secondary stage, natural 
science (covering mainly biological studies, in the experimental science 
classes) is studied only in the final year. 
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Geology and mineralogy may be taught immediately after botany 
and zoology (as in France) or not until the top class, but are generally 
not given separately but as an integral part of physical geography. In the 
German Federal Republic, they are dealt with in chemistry, biology and 
geography lessons. 

When natural science is taught analytically at the senior stage, the 
various branches of it are given as so many options. Biology is the most 
popular of these options, followed by physiology and hygiene. There may 
also be specialist courses in geology (as, for example, in Australia and 
Canada), in botany and zoology (as, for instance, in Canada, India, and 
the United States), and, in rural schools, in agricultural biology or rural 
or agricultural science (as, for example, in Australia, Ireland, New Zealand, 
and the Philippines). 


LENGTH OF COURSE AND AGE OF PUPILS 


Natural science is taught in a good many countries in all secondary 
classes at both junior and senior level. 

This is the case, for example, in the following countries: German 
Federal Republic and Finland, for 8-9 years (pupils from 10-11 to 19 
years old); Austria and Thailand, for 8 years (pupils from 11 to 19 years 
old); Sweden, for 7-8 years (pupils from 11-12 to 18-19 years old); Por- 
tugal (pupils from 10 to 18 years old) and Zurich in Switzerland (pupils 
from 12 to 19 years of age), for 7 years; Denmark, for 6-7 years (pupils 
from 11 to 17-18 years old); Chile, Iran and Panama, for 6 years (pupils 
from 11-12 to 17-18 years old); Costa Rica, Honduras and Nicaragua, 
(pupils from 13 to 18 years old) and Norway (pupils from 14 to 19 years 
old), for 5 years. 

In Belgium, natural science is taught in both the three-year secondary 
stages, the pupils being from 12 to 18 years old. At the second stage 
however, the subject is taken in all three years only in the Latin-Science 
section. 

In Luxemburg and Turkey, natural science is taken in six out of the 
seven secondary years; in Turkey, geology is taken in the final year, but 
only in the science section. 

In countries where the subject is taught in an analytic way, one 
branch (or at most two) is taught each year. Physics and chemistry take 
their place in the series, and interrupt the teaching of natural science 
proper for one or two years. 

In France, for example, observational science is given in the three- 
year first stage, then the physical sciences in the first two years, and 
natural science in the final year, of the second stage. 

In Lebanon, natural science is taught in the Ist, 2nd, 3rd, 4th, and 
7th (final) years, and physics and chemistry in the 5th and 6th. 

In Geneva in Switzerland, natural science is taught up to the pen- 
ultimate year of the seven-year college course, except in the 5th year, 
during which physics and chemistry are taken. Similarly, in Lausanne, 
natural science is taken in all years of the eight-year secondary (college 
and grammar school) course, except the 5th, during which physics and 
chemistry are taught. 
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In countries where type (a), the concentric, functional approach, 
prevails, ‘ general science "’ is generally taught in all classes of the junior 
secondary stage. At the senior level, the differentiated branches that tend 
to succeed * general science "’ are taken for only one or two years, and not 
necessarily by all pupils, as they are mostly options (as, for example, in 
Australia, Canada, Scotland and the United States). When the differ- 
entiated branches are given parallel with “ general science ’’, however, 
they may be given through five or six years. 

In some countries, as for example Greece, Peru, Salvador and Vene- 
zuela, natural science is taught only in the first three or four years of the 
secondary course. In Ethiopia, the subject is limited to the first two years 
of the four-year secondary course. 

Elsewhere, on the other hand, natural science is taught for preference 
only in the last three or four years of the secondary course, as for example 
in Israel, Italy and Mexico. In Egypt, general notions of natural science 
are given in the framework of * general science’ during the first two 
years of the secondary course, but natural science proper begins only in the 
ith year (pupils of 15 years of age). 


Hours Per WEEK 


The number of periods per week devoted to natural science is generally 
from 2 to 4, whether the subject is taught concentrically, synthetically, 


or analytically. Some countries give only 1 to 2 periods a week. Others 


give more than 4. This is generally the case in the upper secondary classes 
in countries where natural science becomes a number of optional subjects 
in which certain pupils choose to specialise. Such pupils devote 5 periods 
a week to an option of this kind, for example, in Egypt, United States, 
Israel (rural schools), Philippines, Portugal, and England and Wales, and 
over 5 periods in Nicaragua and Persia, for instance. 

In general secondary schools less time is usually devoted to science 
in the upper than in the lower classes. In Finland, for example, natural 
history (with geography) is taught for 6 periods a week in the Ist year, 
$in the 2nd, and 4 in the Srd, 4th and Sth years, while general biology is 
taught for only 2 periods a week in the last three years. In [fonduras, 
natural science is taught for 5 periods a week in the first three years, and 
for 3 in the 4th and Sth. In Panama, on the other hand, it is taught for 
5 periods a week in ali six years of the secondary course. 

With type (a) teaching, the concentric, functional approach, it is 
naturally diflicull to determine the amount of time devoted severally to 
natural science and physical science. The reply from Scotland estimates 
that one-third of the time prescribed for science is devoted to biology. The 
reply from Northern Ireland estimates that one-quarter of the time allowed 
for experimental science is devoted to natural science, at the junior stage 
of the secondary grammar schools, and one-half in the secondary modern 
schools. 

In some countries, extra time is devoted to practical work. In Austria, 
for example, from the 3rd to the 8th class, 2 periods a weck may be set 
aside for optional practical work in natural science. In Ethiopia, in addi- 
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tion to 4 periods of theory, there is one period of practical work, in the Ist 
and 2nd years. In Luxemburg, in the 3rd year of the grammar schools, 
prospective university students of natural science take one additional 
period a week on microscopy. In Uruguay, at the senior stage, there 
is 1 period a week of practical work in addition to 3 periods of theory. In 
Venezuela, in the junior stage and the physics-mathematics section of the 
senior stage, 5 periods a week are devoted to theory and 3 to practical 
work, and, in the biology section, 3 periods to theory and 6 to practical 
work, 


COMPULSORY OR OPTIONAL 


To determine the degree of importance attached to natural science 
in any scheme of general education, it is necessary to know to what extent 
it is compulsory or optional. 

In whatever way it is taught, natural science is as a rule compulsory at 
the junior secondary level. 

There are certain exceptions to this rule. In Australia, for example, 
natural science is not taught in all schools, as it does not generally receive 
as much emphasis as physics and chemistry. The secondary curriculum, 
moreover, is divided into groups of options, and pupils do not necessarily 
choose the group containing natural science. The position is similar in 
South Africa (except for Transvaal, where ** general science " is in practice 
a compulsory subject in standards VII and VIII). 

In Canada, * general science " is taught at junior secondary level, and 
is compulsory in British Columbia, Manitoba, Nova Scotia and Saskatche- 
wan, sometimes optional in New Brunswick, and generally optional in the 
remaining provinces. 

In the United States, “ general science 
first two years (grades 7 and 8). 

In India, * general science’ is compulsory practically everywhere. 
When the natural science subjects are taught separately, they are optional. 

In Ireland, science subjects are always optional. 

In New Zealand, science subjects are compulsory only in the first two 
years. 
In England and Wales, curricula are not prescribed by the central 
authority, and thus each school is free to decide whether natural science 
be compulsory or optional. 

At the senior secondary level, natural science is in some cases compul- 
sory, in others optional. In over 50°, of the countries replying to the 
inquiry (Austria, Chile, Costa Riea, Denmark, France, German Federal 
Republic, Greece, Honduras, Iceland, Israel, Italy, Lebanon, Luxemburg, 
Mexico, Monaco, Netherlands, Nicaragua, Norway, Panama, Persia, 
Peru, Philippines, Salvador, certain cantons in Switzerland, Turkey, 
Uruguay and Venezuela), it is compulsory in those classes or sections 
where it is taken. This means in effect that in many of these countries, 
natural science is compulsory throughout the secondary course. 

In other countries, natural science is compulsory only in certain 
classes or sections at senior secondary level. 

In Egypt, for example, the 5th vear is one of orientation, and pupils 
are required to choose according to their aptitudes one of three sections : 


” 


is compulsory only in the 
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arts, science, and mathematics. In the latter section, natural science is 
optional. 

In Ecuador, in the 6th (final), year, pupils may choose literature, 
mathematics or biology. 

In Portugal, natural science is compulsory, at the third secondary 
stage (the two-year stage of preparation for vocational education), only 
for pupils intending to specialise in the subject. 

In Sweden, natural science is optional in the final two years of the 
gymnasium. 

In Thailand, in the last two secondary years (the so-called “ prepara- 
tory college course’), pupils in the science section must choose either 
biology or mechanics, and “ general science * is compulsory for pupils in 
the arts section. 

It is to be noted that in some cases natural science is given optionally, 
in addition to a certain compulsory minimum. In France, for instance, 
in the 4th and 3rd * new classes "’, one-and-a-half optional hours a week 
are devoted to natural science, in addition to one compulsory hour. In 
Mexico, in the 3rd year, there is an optional course in biology ‘in addition 
to the compulsory course. In the German Federal Republic, pupils at the 
senior secondary level may voluntarily attend study groups organised 
outside the framework of the compulsory course, which give them opportu- 
nity to study the problems in which they are most interested. 

In some countries, natural science becomes optional from the beginning 
of the senior stage. This the case in the English-speaking countries. 
In these countries, the natural science course begins with (usually com- 
pulsory) “* general science ’’, and then the natural science subjects are 
taught separately in the form of options. Even so, it should be noted 
that certain of these subjects must be taken, as in Australia, for example, 
if the pupil intends to take up certain university studies. 

In Ceylon, in the upper school, natural science subjects are optional, 
though grade 1 schools have to provide for instruction up to Higher School 
Certificate stage, and grade 2 schools up to the senior class at least. 

In Northern Ireland, on the other hand, natural science subjects are 
taught at the senior stage in only 20%, of the grammar schools. 

In Finland, at the senior (college) stage, natural history (i.e., botany, 
zoology and geography) is optional with psychology and philosophy. 

In Pakistan, “‘ everyday science "’ is compulsory at the present time 
only in the first three years, but will become compulsory also at the senior 
stage when the revised syllabuses are brought into force. 


RELATIVE IMPORTANCE OF NATURAL SCIENCE 


In a large number of countries, the same importance appears to be 
attached to natural science as to other subjects in the secondary curricu- 
lum. It has the same value in examinations. This is the case in all the 
Latin American countries replying to the inquiry, and also in England an¢ 
Wales, Ethiopia, Finland, Iceland, Israel, Italy, Lebanon, Mexico, New 
Zealand, Pakistan, Persia, Philippines, Portugal, Scotland, Sweden, 
Switzerland (Geneva and Ticino), Thailand and Turkey. 
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Some countries make a distinction between main subjects and sub- 
sidiary ones. The former generally include the mother or official tongue 
and mathematics, and sometimes foreign languages. The subsidiary 
subjects comprise the remaining subjects, including natural science. A 
distinction of this kind is made in Australia, Belgium, Canada, Ceylon, 
Denmark, Egypt, France, German Federal Republic (except in the scien- 
tific section, where biology is a main subject), Greece, India, Ireland, 
Luxemburg, Netherlands, Northern Ireland, Norway, some cantons 
in Switzerland, and the Union of South Africa. 

In the Protestant schools in Quebec in Canada, English, French, 
German, Latin and mathematics count double in examinations, in compa- 
rison with other subjects, including science subjects. 

In the Netherlands, languages and history are the main subjects in 
section (a), and mathematics, physics and chemistry in section (b). 

Some countries give a different value to natural science in promotion 
examinations to that given the subject in school leaving examinations. 

In Austria, for example, natural science has the same importance as 
other subjects in promotion examinations, but if taken in a school leaving 
examination, the subject is tested only orally. 

In Belgium, natural science counts for as much as religion-and-ethics 
in promotion examinations, and ranks equal with other subjects in the 
secondary school leaving examinations. 

In Denmark, natural science has the same value as other subjects 
requiring only an oral test, in promotion examinations, and as all other 
subjects, in the leaving examination of the realklasse (pupils of 15-16 years 
old), and has only half a point in the leaving examination of the senior 
secondary school. 

In France, natural science does not appear in promotion examinations, 
may be taken as an option in the secondary (first stage) certificate examina- 
tion, with a coefficient of 2, and appears in the second part of the pvacca- 
laureate, with a coefficient of 1 in the philosophy and mathematics 
sections, and of 2 in the experimental science section. 

In India, science subjects are not always given the same importance 
as other subjects, in promotion examinations, but rank equal with other 
subjects when chosen as options in the secondary school leaving certificate 
examination. 

In Israel, biology is generally one of the options in the matriculation 
examination ; in schools with the system of sections, it is compulsory for 
the biology section. 

In the Netherlands, natural science does not appear in school leaving 
examinations, except in the case of section (b) (scientific), which has a 
compulsory oral examination in the subject. 

In Salvador, natural science has the same importance as other sub- 
jects in promotion examinations, and special importance in school leaving 
examinations in the case of pupils intending to take a natural science course 
at the university. 

In Venezuela, at the senior stage, natural science is one of the basic 
studies in the biology section, and a pupil obtaining less than 40 points 
(the maximum being 100) in two basic studies loses his right to sit for the 
final examination ; if he fails in two basic studies at the examination, he 
is deemed to have failed the course, and must repeat the year in all subjects 
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In countries where natural science is not taught at the senior secon- 
dary stage (as in Greece, for example), it naturally does not appear in 
school leaving examinations. Where it is an option at the senior stage, 
it counts, for pupils choosing it, for as much in the leaving examinations 


as other subjects. 

In the United States, promotion examinations and school leaving 
examinations, as they are known in Europe, are not commonly used. 
Standards of achievement for each subject are usually determined by the 
teachers and other local school officials. Approximately 40°, of the high 
schools of the country stipulate credit in general biology, i.e., successful 
completion of the course according to local standards, for graduation from 
high school; approximately 20°, stipulate credit in the course in the 
college preparatory, commercial or vocational curricula ; and about 45°, 
do not stipulate the course. The latter schools, however, mostly stipulate 
one year of a laboratory science for graduation, and the majority of pupils 
elect general biology to satisfy this requirement. 


AIMS OF NATURAL SCIENCE TEACHING 


A striking multiplicity of aims is assigned to natural science teaching, 
even within one country. 

The most profitable way of finding some sort of law in this multiplicity 
is probably to attempt to group these aims and then to see if there is any 
relation between the groups and the three types of natural science teaching, 
as given in the previous section. 

A strict classification of aims is, of course, out of the question. The 
suggested grouping below has been made in the interests of clarity, but 
is not claimed to be in any sense a hard and fast demarcation. 

The aims of natural science teaching, as given in the replies, fall 
roughly into the following five groups : 

(a) Scientific training, (b) General education. (c) Education for work 
and leisure. (d) Training for better living, and (e) Education of feeling 
and understanding. 

Practically each country replying to the inquiry has assigned aims to 
natural teaching which between them cover more or less all five of these 
groups. The differences between the countries as regards such aims lie, 
therefore, largely if not entirely in differences of emphasis. 

If one now compares these five groups of aims with the three types of 
natural science teaching outlined in the previous section, certain broad 
relationships between the groups and the types at once emerge. 

Type (a) teaching, the concentric, functional approach, gives emphasis 
to the practical aspects of natural science, and thus to a better adjustment 
to life. Its aim is general education in the widest possible sense. With such 
an approach, science is not studied as an end in itself, but because scientific 
skills and knowledge are useful in modern life. The objective is very 
broadly speaking utilitarian. 

Type (b) teaching, the synthetic, biological approach, gives emphasis 
to the aims of the fifth group, that is to say, to the education of feeling, 
and of understanding for the interdependence and relativity of phenomena, 
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and the meaning of life. This approach is based on a philosophy to a degree 
varying according to the particular country employing it. 

The aims stressed by type (c) teaching, the analytic approach, are 
of a more formal kind. The emphasis is here on intellectual and scientific 
training, with a view to subsequent studies at university level, and to the 
development of judgment and scientific accuracy. Such an approach does 
not exclude concrete applications of natural science, but generally, although 
by no means invariably, limits them to hygiene. 

Each of the five groups of aims will now be discussed in turn, and 
examples given of the countries where they are stressed. 


SCIENTIFIC TRAINING 


Natural science must necessarily be concerned with scientific training, 
but such training will tend to be of a practical kind, under type (a) teaching, 
and of a more intellectual kind, under type (c). Under type (b) teaching, 
the scientific training given through natural science is predominantly 
practical or intellectual according to the country concerned. 

The following are a few examples of countries where the scientific 
training given through natural science is of the more practical kind :— 

In Victoria in Australia, the aims of natural science teaching are 
oflicially given as being to use the everyday and humanistic aspects of 
science, so as to (a) give an understanding of fundamental scientific prin- 
ciples, (b) develop the spirit of enquiry, (c) give an introduction to scientific 
method, and (d) indicate the contribution of science to culture. 

In Manitoba in Canada, the grade IX programme gives the aims as 
being to help pupils acquire an understanding of science concepts, general- 
isations and knowledge which will function in their daily lives, and enable 
them to become more eflicient citizens. 

In the United States, the generally accepted aims of natural science 
teaching include (a) developing proficiency in the use of the scientific 
method, (b) creating desirable scientilic attitudes, and (c) a knowledge of 
biological facts and principles. 

In New Zealand, the aims include (a) illustrating by demonstration, 
experiment and discussion the use of scientific method as a tool of accurate 
thinking, and (b) teaching something of the achievements of science, their 
effects on the lives of men, and their possibilities of use for future good. 

In Panama, among the aims assigned to natural science teaching are 
(a) an understanding of scientific discoveries and (b) of some of the methods 
by which such discoveries have been made, (c) developing the capacity 
and the desire to make use of these discoveries and methods, and (d) 
developing a scientific attitude of respect for the truth and for scientific 
methods, and an open mind towards new discoveries. 

In Cape Province in South Africa, the objectives of natural science 
teaching include (a) arousing interest in the laws of nature, (b) explaining 
the influence of scientific knowiedge on the development of modern Civi- 
lisation, and (c) providing an introduction to scientific methods of thought 
and investigation. 

In some countries, the practical aspect of the scientific training given 
through natural science is combined with a more philosophic aspect. 
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In England and Wales, for example, it is recommended in suggestions 
issued by the Ministry of Education that the science course in secondary 
schools be designed to give pupils some understanding of natural laws and 
of the scientific achievements of man; the wonder and curiosity thus 
aroused will encourage a scientific attitude of mind. 

In Honduras and the Dominican Republic, the scientific training 
given through natural science is also of a practical kind, but there is a 
hint of a growing intellectuality. 

The official instructions in Honduras state that natural science teach- 
ing should aim at (a) a knowledge and a functional grasp of scientific 
generalisations giving understanding of the environment, (b) developing 
the power of reflective thought so that everyday problems may be solved 
sasily and intelligently, (c) developing the scientific attitude, which 
ensures behaviour appropriate to the demands of modern life, (d) develop- 
ing a power of judgment suitable for a world greatly influenced by science, 
and (e) an understanding of common scientific terminology. 

The new secondary curricula of the Dominican Republic give the 
aims of natural science teaching as being to inculcate habits of observation 
and experiment arousing interest in systematic research into problems 
concerning living things, a knowledge of the essentials of science, with a 
view to their better use in life, and preparation for study at university 
level. Pupils should also learn to give an objective account of the results 
of their experiments. Laboratory work should stimulate constant thought- 
ful awareness, and maintain the enthusiasm which both enlivens action 
and reveals its true worth. 

The following are examples of countries where the scientific training 
given through natural science is more concerned with the development of 
intellectual capacities and the ability to observe : 

In the German Federal Republic, the general aims assigned to natural 
science teaching include a sound knowledge of the facts, elementary 
classification, knowledge and understanding of natural laws, an introduc- 
tion to the method of scientific research, and formal, intellectual training 
(development of inventiveness, imagination, abstraction, logical reasoning, 
observation, and clear exposition). 

In Denmark, two of the aims officially assigned to natural science 
teaching are accurate and thorough observation, and clear, systematic 
description of observations. 

In Finland, in the upper ciasses, the aim is to give a broad survey 
of living phenomena and of evolution, to introduce pupils to modern 
methods of research in natural science, and to develop their reasoning 
powers in relation to problems in this field. 

In Iceland, teachers are expected to take special care to awaken the 
power of observation among the pupils, and to acquaint them with the 
main scientific instruments and methods of investigation. 

In France, oilicial instructions give the first aim of natural science as 
being to acquaint pupils with the most typical examples of the animals 
and plant kingdoms, and the second and still more important aim as being 
to teach them the technique of sound observation. From natural science 
pupils should gain a sense of accuracy and training in judgment, enabling 
them to make comparisons and draw conclusions. 
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In Monaco, the aims are similar. At the first stage, the subject should 
teach pupils to observe, and develop in them a power of judgment enabling 
them to distinguish the essential from the accessory and to make compari- 
sons and draw conclusions. At the second stage, while continuing to 
base their work on observation and experimentation, teachers should try 
in simple language to give instruction at a high level enabling pupils to 
realise the wide scope of modern biological problems. 


GENERAL EDUCATION 


General education as an aim of natural science teaching has already 
made its appearance in the examples given above. It is particularly in 
evidence in those countries where the subject is taught concentrically 
or globally, and where, as in some of the examples above, the practical 
aspects of scientific training are stressed. 

Quite special emphasis is given to general education as an aim of 
natural science in certain countries. 

In Alberta in Canada, for example, the introduction to the “ general 
science " section of the high school curriculum refers to the necessity of 
changing science teaching so as to make it contribute more effectively to 
general education. It makes a distinction between the several courses in 
natural science subjects, for pupils intending to specialise, and the courses 
in * general science ", which are offered because of their “ significance for 
human living ” 

In Northern Ireland, the ** Memorandum on the Junior Science 
Svilabus ", published by the Ministry of Education, states that teaching 
should provide as wide a course as possible for all pupils, as well as catering 
for the special requirements of pupils intending to continue the study of 
scientific subjects. Similar emphasis on general educational value is 
made in another publication by the same Ministry, the ‘* Memorandum 
on the Teaching of Biology ” 

The Scottish Department of Education has published a memorandum 
entitled “ Science in Secondary Schools’, in which the desirability ts 
stressed of giving pupils a coordinated body of knowledge in keeping with 
the developing modern conception of the unity of science. * A course on 
these lines "’, this memorandum states, “ leading to some understanding 
of natural phenomena and of the ways in which man has applied = his 
scientific knowledge, and to some study of man as a physical organism, 
would meet the educational requirements of all pupils.” 


‘ 


General education is invariably an aim of natural science teaching a 
the junior secondary stage. In some of the countries of South America, the 
subject is expected to serve the purposes of general education at the junior 
stage, and as preparation for higher studies, at the senior stage. 

In Luxemburg, the aim of the subject is to give pupils a good general 
education, and to develop their love of nature and power to observe, and 
only the microscopy course specifically prepares them for their future 
careers, 
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EDUCATION FOR WorK AND LEISURE 


In some countries, natural science teaching is expected to develop 
certain interests, not merely by way of preparation for higher studies, but 
in order to reveal aptitudes and so help pupils to choose their future oecu- 
pation or simply to make profitable use of their leisure. 

In Canada, for example, natural science is expected to give pupils a 
background for the choice of subjects in keeping with their environment, 
interests, and probable vocation, in Nova Scotia; to guide pupils in their 
choice of future science studies and vocations, in New Brunswick; and 
to help pupils to find themselves, that is, to discover if they have a particu- 
lar aptitude for scientific work and, if so, to encourage them to continue 
their study of science at higher level, in Quebec. 

In the United States, the study of biology should help a pupil, among 
other things, to make wise vocational selections, and to use his leisure more 
profitably, and prepare him for his future studies or career. 

In Nicaragua and Salvador, the aims of natural science teaching, 
while being essentially intellectual in character, concern also the awakening 
of interests and the choice of a career. 

In New Zealand, the teaching of “‘ general science’ aims at giving 
all pupils taking science as an examination subject a broad base for the 
study of their speciality, and at encouraging in pupils not taking science 
as an examination subject an intelligent layman's interest in science. 

In Panama, the aims include the development of a power of judgment 
enabling pupils to choose their vocation wisely and to make good use of 
their leisure. 

In England and Wales, the pamphlet “ Science in Senior Schools ”, 
published by the Board, now Ministry, of Education, states: “ Even if 
pupils do not subsequently follow a vocation where scientific knowledge 
is of practical value, they may derive much pleasure from hobbies which 
would otherwise not have been taken up. Knowledge of some of the secrets 
and processes of nature creates an intellectual interest in various direc- 
tions. The world of flowers, of animals and of rocks is a book, which if 
only partially opened at school may prove to be of absorbing interest in 
later life.” 

In Northern Ireland, the ‘Memorandum on the Junior Science 
Syllabus", published by the Ministry of Education, states that pupils 
should be encouraged to develop interests and hobbies of a scientific 
nature. 

In Zurich in Switzerland, the teaching of Naturkunde is expected, 
among other things, to impart the basic knowledge needed for future 
professional activities. 

In South Africa, an aim now being introduced into natural science 
teaching in Cape Province is that the subject should give pupils some 
knowledge of the different branches of science, and thus enable them to 
discover interests and to make a more intelligent choice of further studies 
or of a vocation. In the Transvaal, too, the subject is regarded as a means 
to the exploration of pupils’ interests, aptitudes and capacities. 
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TRAINING FoR Betrrer LivinG 


The pragmatic aim of using scientific knowledge for improving living 
conditions is expressly referred to in the replies from a number of countries, 
including Austria, Canada, Denmark, German Federal Republic, India, 
Mexico, New Zealand, Panama, Pakistan, Peru, Philippines, Sweden, 
Turkey, and United Kingdom (England and Wales, Northern Ireland, 
Scotland). 

In some cases, the importance of natural science teaching in relation 
to personal and public health is stressed, while in others the aim is the 
wider one of improving social conditions in general and of conserving 
natural resources. 

In the German Federal Republic, the aims of biology teaching in the 
schools of North Rhine-Westphalia are given as including the practical 
aim of imparting the basic knowledge necessary for a study of agriculture, 
forestry, animal husbandry, food processing, heredity, public hygiene, 
nature protection, and the conservation of natural resources. 

In Alberta in Canada, it was noted above that the high school curri- 
culum stresses the significance of ** general science ” for “* human living ”’. 
The same curriculum states that every pupil will become a consumer of 
commodities, and consumer science is therefore given a prominent place 
in the “ general science’ course. The utilization and conservation of 
energy resources, moreover, are of vital importance to the whole commu- 
nity, and are treated as coming within the field of social problems. Further, 
in Ontario, the chief aim of teaching biology is the development of better 
attitudes towards personaland community bealth and towards conservation 
of natural resources. 

In Costa Rica, too, natural science is expected to develop appreciation 
of the value of the country’s natural resources, and an attitude of active 
social understanding. 

In Greece, natural science teaching aims at showing the importance 
of using natural resources on the basis of a profound knowledge of nature, 
in order to make the best use of them in the interests of safeguarding 
human life and raising its standard. 

In India, some states assign natural science the definitely social aim 
of giving pupils an adequate knowledge of nutrition, healthy ways of 
living, and natural laws, and also of how to use scientific knowledge to 
improve their standard of living. 

In Mexico, the aims include knowledge of how to make use of the 
country’s natural resources, and showing the importance to the country 
of conserving them, the harm caused by their destruction, and the ways 
in which they may best be safeguarded. 

In Panama, natural science is expected to form citizens capable of 
cooperating actively in the campaign to stamp out and prevent disease in 
their community. 

In the Philippines, among the aims assigned to “ natural science ” 
are making pupils understand that science can change man’s natural 
environment, his social environment, and his intellectual life, and assisting 
them to develop skills and attitudes enabling them to formulate intelligent 
solutions to consumers’ problems. 
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In England and Wales, the brochure ** Science in Senior Schools ”’, 
published by the Board, now Ministry, of Education, states that “A 
knowledge of the facts and principles gained by scientific workers should 
result in a more rational mode of life; not only is such knowledge of 
benefit to the individual but to the community as a whole, e.g., a well 
instructed public opinion in matters of health should result in a healthier 
and therefore happier community ”. 

In ‘Turkey, natural science teaching is expected, among other things, 
to lead a pupil to seek the advantages a knowledge of nature has for human 
life, health and happiness; to give him a knowledge of his country’s 
natural resources and accustom him to look after them, protect them, and 
use them wisely in the light of national and world economic needs; to 
prepare him to solve everyday problems methodically and intelligently ; 
and ultimately to transform him into a person physically and mentally 
balanced, with an active understanding of social needs, an interest in 
nature, and a serious intention of improving his surroundings. 

In Turkey, it is thus evident, natural science aims not merely at 
improving living conditions, but also at shaping and developing a pupil's 
conduct in life. This is an extended aim which other countries also share. 

In Mexico, for example, the aims of natural science include bringing 
pupils to understand, through a knowledge of the biological foundations 
of human conduct, how biology can teach them to regulate their conduct 
as individuals and as members of society. Pupils will thus gain a conception 
of the interdependence of living creatures that forms the basis of any 
democratic way of life; a conception of evolution and change, which 
will lead them to reject passive attitudes and become active persons 
ready to campaign for social advance ; and a scientific criterion that will 
lead them to seek for the proofs of assertion and prevent them becoming 
the dupes of untrue and harmful propaganda. 


EDUCATION OF FEELING AND UNDERSTANDING 


The aims of natural science teaching which may be grouped under 
the heading of education of feeling and understanding, are given special 
emphasis, it has been noted above, by type (b) teaching, the synthetic, 
philosophic approach. They play their part, however, in all other types 
of teaching. Imparting a love of nature, for example, is an aim coming 
under this heading, and one which is found wherever natural science 
is taught. 

Among the countries which give special emphasis to imparting a love 
of nature, the following are a few typical examples. 

In Austria, natural science teaching is expected to stimulate feeling 
for nature, interest in observing it, and understanding of the interplay of 
natural phenomena, and to show the importance and aims of conservation. 

In New Brunswick in Canada, natural science should instil a love and 
an appreciation of nature, and so encourage pupils at all times to use the 
scientific knowledge to improve and beautify their home and_ school 
surroundings. 

In Finland, the general aims of natural science include arousing love 
for living nature, and interest in the observation of natural phenomena. 
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In India, natural science is expected to develop children’s interest 
in natural phenomena by bringing them into direct contact with nature ; 
to acquaint them with the mysterious ways of nature and the laws that 
govern its phenomena ; and to lead them to grasp the idea of harmony in 
natural activities and relations, in life, and in the activities and relations 
of birds, animals and plants. 

In Mexico, one of the aims assigned to biology is a widening of the 
conception of life through enjoyment and understanding of nature and its 
beauty. 

In Peru, natural science teachers should aim at giving pupils a better 
understanding of nature through knowledge. 

In Switzerland, natural science is expected to familiarise pupils with 
nature and bring them to love it, in Neuchatel; and to give pupils access to 
nature's illimitable domain and forces, and enable them to partake of 
nature’s joys, in Zurich. 

In Turkey, natural science should induce children to perceive and 
love the beauty of nature and of their country. 

In some countries, the education of feeling through natural science 
teaching is extended to include love for one’s mother country, aesthetic 
education, the development of a sense of wonder, or even spiritual or 
religious education. 

In the German Federal Republic, for example, natural science teaching 
aims, among other things, at moral, religious and aesthetic education, 
through imparting respect for nature, man, and God, and giving a _ per- 
ception of the limits of science, and of the beauty of organic and inorganic 
nature and the world of form. Biology teaching in the senior secondary 
schools of North Khine-Westphalia is expected to develop a love for nature 
and awaken the aesthetic sense ; to lead, particularly in the final years, to 
discussion of life’s deep problems ; and, above all, to inculcate respect in 
the presence of the mystery of life. 

In Greece, the aims of natural science include strengthening religious, 
moral and artistic feelings through a better understanding of nature. 

In Israel, all the four types of schools concur in stressing the national 
and the general importance of natural science teaching. It has served to 
create a spiritual relation to the country’s natural features and to make 
known its natural resources. 

In Pakistan, the Punjab syllabuses stress keeping alive, and quicken- 
ing, the spirit of wonder and enquiry. 

In Portugal, natural science is expected to imbue pupils with a spiri- 
tual attitude of admiration towards natural phenomena. 

In Engiand and Wales, the brochure ** Science in Senior Schools ”’, 
published by the Board, now Ministry, of Education, remarks that ** The 
riddle of the universe, of matter, of time and of space is one which man is 
ever curious to probe ’’, and that natural science teaching may serve to 
quicken latent interests in such matters. 

In Uruguay, the axm of natural science is considered to be not merely 
educational, but also to give guidance for the whole of a pupil's material 
and spiritual existence. It should awaken his artistic and literary ambi- 
tions, purify his feeling, increase his love for nature, and enable him to 
appreciate the country’s natural features. 
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In the Dominican Republic, Mexico and the Philippines, it is consi- 
dered that natural science teaching can help to combat superstition. 

In some countries it is felt that biology in particular can lead to a 
deeper and closer understanding of the interdependence of living pheno- 
mena, and of relationships with the environment. 

In Austria, for example, natural science teaching is expected to give 
a conception of the relations between bodily form and mode of living, and 
between animals and plants and their environment. 

In Denmark, too, the subject should promote, through observation, 
an adequate knowledge of the living nature of organisms, with emphasis 
on the importance of the various organs, and on the interdependence 
between anatomy and mode of life, and should give an understanding of 
the relationships between the different species. 

In India, the new curriculum stresses that ‘ general science *’ should 
lead children to take a keen interest in the process of living, to appreciate 
it as something common to human beings, animals and plants, and to 
feel that it is facilitated by contact with the environment through the 
senses. 

In the Dominican Republic, biology is expected, through developing 
the ability to observe, to give a steadily widening knowledge of living 
things and the environment, and a habit of ** putting questions to nature ” 
through methodical experimentation. 

In Sweden, the aims of biology include giving a knowledge, as far as 
possible through direct observation, of the bodily structure of human 
beings and other living creatures, their modes of life, and the interde- 
pendence of organisms. 

The achievement of an integral, global view of natural phenomena is 
stressed in the aims of natural science in some countries. 

In Portugal, for instance, the so-called * geographic-natural sciences * 
are expected to give pupils, among other things, an integral view of the 
physical realities of their environment. 

In Scotland, too, it is considered that teaching should coordinate the 
various branches of natural science as far as possible, and reflect the grow- 
ing appreciation in recent years of the unity of science. 

In Turkey, one of the aims of natural science teaching is also to 
impart an integral appreciation of natural surroundings, on the basis of 
an understanding of the relationships between men, nature and events. 

In other countries, the main emphasis in this connection is on the 
coordination of the various divisions of natural science. 

In Belgium, for instance, the more general aim of the subject is given 
as being to indicate the influence of science and technical advance on 
human life, through revealing the connection between the utilitarian and 
the cultural significance of the various techniques, and to coordinate 
subjects with which it shares observation, scientific research procedure, and 
the world of analysable objects and events. 

In Italy, too, it is considered that natural science should not be limited 
to teaching mere facts, but should also coordinate the subject through 
introducing pupils to the history of technology and scientific thought, so 
that they come to regard their observations and experiments, not as 
isolated acts, but as part of that history. 
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SYLLABUSES 


Some indication has already been given of the three main ways in 
which natural science is taught, in the first section of this general survey, 
concerning the place of natural science in the curriculum. 

Details of the content of the natural science syllabuses in use in the 
various countries will be found in the national reports following this 
survey. Such content is presented according to the way of teaching and 
the aims adopted by the country concerned. Discussion will be limited to 
indicating certain broad characteristics of the syllabuses, under the 
headings of (a) general science syllabuses, (b) biological syllabuses, and 
(c) analytic syllabuses. 


GENERAL SCIENCE SYLLABUSES 


Svllabuses based on “ general science "’ are employed mainly in those 
countries where the teaching is of the type (a) described above. Their 
dominant feature is knowledge and understanding of the children’s sur- 
roundings, both physical and biological, studied in the form of general 
problems concerning practical life. They thus cover the elementary 
knowledge of physics, chemistry and biology which is of everyday use, 
and which is presented under various headings such as mechanics, electri- 
city, nutrition, hygiene, understanding of living things, the structure and 
organs of the human body, and of common animals and plants. They may 
also include elementary geology, mineralogy, astronomy and, in rural 
schools, agronomy. 

In some countries, “* general science" syllabuses take the form of 
questions or work units. The following are a few examples of syllabuses 
of this kind : 


Manitoba in Canada. How do scientists make discoveries ? What are 
things made of ? How can materials be changed? Hlow do we use and 
control fire 2? How do we control heat ? How do we provide our homes with 
a good water supply? How do simple machines help us do work? How 
do we harness the energy of nature to do our work? Hlow do we obtain 
and use electrical currents? low do we use energy for communication ? 
How does man provide transportation ? How can science help us keep from 
wasting nature’s wealth? 


2anama. Ist class: what science is, and what it contributes to modern 
life; relations between living creatures and their environment; water ; 
air; sun, an essential factor for life. 2nd class: what man has learnt from 
the history of life; how living things use energy; what health is; how 
the continual metamorphosis of civilisation has destroved the balance of 
nature ; how man has gained increasing control of his environment ; how 
warmth is used. 3rd class: the world in which we live is a world of energy ; 
characteristics and different forms of energy ; forms of radioactive energy ; 
how man improves plant and animal species and varieties ; how the human 
organism functions; whether man makes the best uses of his scientific 
knowledge. 
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Philippines. Getting acquainted with science. Science in the home. 
Man’s use and control of air. Heat—its use and control. Water and its 
use. Winds, weather, and climate. The sun, the earth, and other heavenly 
bodies. Our uses of food. The body and its care. The use and control of 
electricity. From human hands to machines. Transportation and com- 
munication. Conservation. What additional things science may do for the 
world. 

India. Here the new “ general science ”’ syllabus is centered on the 
process of living. The four main activities that contribute to the process 
of living form the four sections of the syllabus in each class : (1) breathing, 
(2) feeding, (5) moving, (1) sensing. These activities are studied in plants, 
animals and human beings. The syllabuses also sometime include the study 
of the universe (stars, planets, dates, seasons, calendar, etc.). 

Ireland. Here the syllabuses are based on the observation of natural 
phenomena through the seasons. The sections are (a) plant and animal 
life, (b) the earth and sky, (c) air, fire and water, (d) familiar physical 
phenomena, (e) the face of the earth, (f) methods of measurement. 


oe 


The relative importance attached to physical and natural science 
subjects varies from country to country, and even from school to school. 
This question was referred to above, in connection with the time devoted 
to the study of natural science. 

The following passage in the reply from England and Wales is of 
particular interest in this connection : 

“Topics for study should be selected for their intrinsic importance 
and interest and not because they fall within certain conventional branches 
of the subject... In rural areas there is likely to be a somewhat greater 
emphasis on biological studies, while city schools may pay greater attention 
to the physical sciences. However, in neither type should attention be too 
much concentrated on one branch. A knowledge of biological principles 
is essential for town children, and an urban environment does not present 
serious difliculties to their study. And the physical sciences are of funda- 
mental importance and should be included in the course of rural schools 
if only on account of the growing electrification and general mechanisation 
of agriculture. Gardening and the keeping of animals are by no means 
limited to rural schools, though here they will be developed most fully. 
Weather science is of interest to everyone, and even in the midst of the 
densest cities the ever-changing panorama of the sky is available for all 
to study... Surveys of local industries and of the processes employed in 
each are valuable, and here the urban school has possibly an advantage.” 


BioLoGicAL SYLLABUSES 


In countries where type (b) teaching prevails, natural science is 
largely called naturai or biological science, or simply biology. Its syllabuses 
are usually of the synthetic, biological kind, and its main aims fall in the 
Sth group outlined above, under the heading of education of feeling and 
understanding. Like the syllabuses of “ general science "’, the syllabuses 
are centered in knowledge of the immediate environment, but more in the 
interests of a comprehensive vision and understanding of nature than of 
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the practical use of the knowledge gained. No hard and fast line can be 
drawn, however, between the two kinds of syllabuses. 

The natural science syllabus, for example, for Austria, a synthetic 
one, covers in the first eight classes elementary zoology, botany, human 
anatomniy, first aid, mineralogy, geology, biology, plant and animal phy- 
siology, theory of evolution, ecology, hygiene, history of the earth and of 
life, and applied natural history. 

Similar syllabuses are in use in Denmark, Zurich in Switzerland, and 
Iceland (although for a period of three vears only in the last mentioned 
country). 

The syllabus in Finland begins with natural history (i.e., botany, 
zoology and geography combined) for the first five classes, and then moves 
over to a study of general biology for the last three classes. 

In all these countries, and in Greece as well, biology is made to serve 
as a concluding study, as a means of synthesis. The biology syllabus in 
Greece covers “a careful study of facts drawn from botany, zoology and 
anthropology, with a view to showing pupils the general meaning of life 
and bringing them to understand that life consists of a totality of definite 
functions whose aim is the survival of the individual and of the species.” 

In Belgium, botany and zoology are studied in the first two years. 
Biology is taken up in the following four years, covering morphology, 
plant and animal physiology, ethology, and the theory of plant and animal 
evolution, and concluding in the final vear with a study of animal and 
plant processes, movement, photosynthesis, colonies, symbiosis, parasitism, 
respiration, excretion, circulation, irritability, reproduction, heredity, 
cell activity and differentiation, evolution, critical study of transformism, 
and a survey of the history of biology. 

In Portugal, the syllabuses are composed mainly of zoology, botany 
and conclude with geology with some pupils, and biology for others. 


In the following countries, the syllabuses are mainly synthetic, but 
nevertheless show a certain emphasis on practical applications of the 
knowledge acquired : 

Honduras. Natural science is here studied in relation to problems 
taken from everyday life. The subject covers elementary ideas about living 
things, nutrition, health, the control of illness, plant and animal growth 
and reproduction, natural resources, and biology. 


Mexico. The biology course is divided into units, studied in relation 
to everyday problems such as nutrition, consumption of food, the pre- 
vention of illness, first aid, and the hygiene of adolescence. 

Dominican Republic. The natural science course consists of botany 
and zoology, studied in relation to their practical applications to agri- 
culture, followed by elementary biology in relation to hygiene. 


Turkey. Importance is here attached to hygiene, as related to biology, 
especially at the senior stages. 


Uruguay. Importance is attached to the practical use of natural 
science in regard to personal and public hygiene, and the conservation 
of natural resources. Special emphasis is laid on the study of the national 
flora and fauna as an educational activity based on an understanding 
interest in their conservation and on respect for the nation’s heritage. 
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Venezuela. The natural science syllabus is an essentially practical 
one, especially at the first stage, at which man is “ considered biologically 
as a creature who is born, eats, acts, reproduces his kind, and dies.” 
Importance is attached to questions of personal and public health, and of 
nutrition, and also to economic problems in regard to plant and animal 
husbandry, food prices in relation to wages, and means of transport, and 
to physical education and sports as basis of the normal development of 
the locomotory system, to rest and sleep, to the use of holidays, ete. 

Italy. As noted already, geography is here made to serve as concluding 
and synthesizing study in the natural science course. ‘This course for the 
first two classes covers a comparative study of botany, zoology, and human 
anatomy and physiology ; a first investigation into physiological mecha- 
nism, with a view to understanding the evolutive conception of life ; 
physiology of the endocrine, nervous, and muscular systems; _ reflex 
action in relation to the problem of conscience and human activity ; and 
finally hygiene. In the 3rd class, after reviewing, summarising, completing 
and drawing together the work done is previous classes, pupils begin the 
study of geography. From astronomical geography they pass to physical 
geography, covering the phenomena of internal and external transfor- 
mation, geology and, more especially, distribution of flora and fauna, and 
to human and economic geography. Work concludes with a study of the 
evolutive laws of the mineral, plant and animal kingdoms. 

Biology, the science of life, is obviously a comprehensive subject, 
covering synthetically everything concerning plants, animals and human 
beings. It is not invariably used, however, even in countries where it is 


specifically taught, as a means of synthesis in the teaching. It is not used 
in this way, for example, in countries where natural science is studied 
analytically or as so many differentiated branches. Many of the national 
reports following this survey contain very detailed biology syllabuses. 


ANALYTIC SYLLABUSES 


Analytic syllabuses of natural science are to be found mainly in 
countries where the classical view of science prevails, and where in conse- 
quence the teaching is of the kind designated above as type (c). 

The following are examples of countries where mainly analytic sylla- 
buses on classical lines are employed : 

Costa Rica. Each of the first five years covers respectively zoology ; 
botany ; anatomy and physiology (with emphasis on hygiene); minera- 
logy and geology ; and finally biology. 

Ecuador. Botany is taught in the 2nd class, zoology in the 3rd, phy- 
siology and hygiene in the 1th, and biology in the Sth and 6th. 

Persia. Each of the six vears of the secondary course covers res- 
pectively botany ; zoology; geology; physiology; plant anatomy and 
physiology, rocks, and geological eras and epochs ; revision, and evolution. 

Lebanon. Biology and geology are studied in the Ist class; botany 
and zoology in the 2nd; human anatomy and physiology, hygiene, and 
geology in the 3rd; anatomy and physiology in the th; physics and 
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chemistry in the 5th and 6th; and anatomy, physiology and hygiene in 
the 7th. 

France. As noted already, the natural science syllabuses begin with 
a more or less functional approach, and then become analytic. 

In the following countries, the syllabuses are analytic and non- 
functional in nature, but show nevertheless a certain tendency to synthesis : 


Luxemburg. Zoology and botany are taught in the first three years, 
elementary human anatomy and physiology in the 4th year, botany in 
the 5th, and biology in the 6th. 

Norway. Botany and zoology are taken in the first two years (with 
special emphasis on plant and animal morphology) ; geography, including 
elementary mineralogy and geology, and chemistry, including physiology, 
in the Srd year; and biology in the science section of the 4th and Sth 
years, and in the languages section of the Sth year. 

Netherlands. The natural science syllabus for the six-year grammar 
school covers human anatomy and elementary morphology in the first two 
vears. In the last two years, a general introduction is given to botany and 
zoology, on the basis of discussion of subjects concerning internal and 
external morphology, and the syllabus also covers comparative anatomy, 
ontogeny, systematic botany, and physiology. The syllabus for the modern 
secondary school gives much more emphasis to biological problems. 

Geneva in Switzerland. The natural science syllabus of the boys’ 
grammar school is as follows: 7th class (pupils 12 years of age): soil and 
minerals ; plants; insects. 6th class: man, animals (excluding insects). 


5th class : physics and chemistry. 4th class (Latin) : study of man; general 
botany. 3rd class (Latin): classification of animals and plants. 2nd class 
(Latin) : general characteristics and classification of pro-vertebrates, fish, 
batrachians, reptiles, birds and mammals. 


TEACHING METHODS 
GENERAL TRENDS 


Natural science teachers are everywhere fairly free to choose what 
methods they prefer. In 29 of the 48 countries which have replied to the 
present inquiry, the central, provincial or local authorities nevertheless 
publish instructions, recommendations or suggestions on the teaching 
of science in general or natural science in particular, in the form of reports or 
brochures, or in the syllabuses and programmes. In 4 further countries, 
an oflicial policy concerning methods appears to exist, but the replies 
from these countries do not state where that policy is expressed. The 
replies from the remaining 15 countries make no reference to official 
recommendations of any kind, and are limited to an enumeration of the 
methods most frequently employed in practice. 

Ihe general tendency of the recommendations published by education 
authorities is in favour of concreteness and experimentation. They attach 
importance to direct observation and experimentation, to the acquisition 
of knowledge through things seen, discovered and experienced by the 
pupils themselves. 
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It follows as a matter of course that most of these authorities favour 
activity methods. A booklet published by the Belgian Ministry of Educa- 
tion on the present reform of secondary education, for example, declares 
that the first law of natural science teaching is active participation of 
pupils. Special emphasis is laid on inductive methods in the German 
Federal Republic and France. The 1938 instructions of the Ministry of 
National Education in France require the teacher to begin with experiences 
accessible to a child, and to put before him and make him observe the 
objects of natural science, when introducing him to the classification and 
problems of this science. 

The natural science syllabuses of Australia, Canada, New Zealand 
and South Africa make numerous and detailed suggestions on the best 
ways of stimulating pupils to individual and group activity. A brochure 
published by the Board, now Ministry, of Education in England and Wales 
insists that “ The practice of scientific method, like that of virtue, is 
inculeated better by example than by precept.” 

In Mexico, teachers are given general suggestions as to the methods 
most suited to the teaching of the “ units” (akin to “ projects "’) into 
which the syllabuses are divided. The syllabuses in the Philippines are also 
divided into “ units , but there appears to be considerably less emphasis 
on pupil participation. 

In Portugal, activity methods based on observation and experiment 
predominate at the first two stages, and theory lessons, in which the 
practical role falls almost entirely to the teacher, at the third. Practical 
work nevertheless has a certain place at the third stage, as preparation for 
future laboratory work. 

Among the countries which have not issued official recommendations, 
Austria appears to have a preference for activity methods used with 
moderation. 

In Ceylon, formal teaching predominates in the lower classes, and 
observation and active experimentation in the higher classes. 

In Israel, experimentation and observation play a big part in natural 
science teaching, especially in the secondary schools in agricultural centres, 
but more formal work is not neglected, and teachers lay great stress on the 
development of the scientific spirit. Even in schools adopting the labora- 
tory method, formal teaching occupies 40°,, of the time. 

The report from Italy states that teaching still leaves much to be 
desired in regard to concreteness and experiment, owing to the lack 
of premises and materials. The natural science syllabuses are defi- 
nitely theoretical in character, and leave little room for practical appli- 
cations. 

It should be borne in mind that the recommendations drawn up by 
the education authorities in a number of countries are in no way pre- 
scriptive, but are merely issued with a view to the improvement of science 
teaching. In such a case, their application is left to the initiative of the 
schools and the individual teachers. Formal teaching may in practice 
occupy a much more important place than the education authorities 
would accord it. 

in Denmark, for example, direct observation, in middle schools, and 
active experimentation, in the senior secondary schools, are officially 
recommended, but in practice teachers are greatly impeded in their efforts 
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to teach on these lines by the fact that the secondary curriculum as a 
whole is heavily overcharged. 

In Honduras, it is officially recommended that natural science should 
be based on observations and experiments done by the pupils, but the 
method of exposition still predominates on account of the lack of ade- 
quately trained teachers. 

In India, the present tendency is to limit formal teaching and lay 
greater stress on observation and active experimentation. The lack of 
well equipped laboratories and of qualified teachers, however, and the 
overcrowding of the curriculum, prevents many schools from presenting 
natural science in this way. 

Even in the United States, where activity methods are widely used, 
31°, of instructional time, according to a recent inquiry into biology 
teaching in large (i.e., well equipped) high schools, is devoted to laboratory 
work and no less than 69%, to recitation or formal teaching. 

In the Philippines, approximately 40°, of the instructional time for 
biology is devoted to observation and active experimentation, and 60°, 
to formal teaching. Equipment is so inadequate, on account of the war, 
that the demonstration method has to be used even in the laboratory. 

A more exact estimate of the importance accorded concreteness of 
teaching and pupil participation in the various countries can be made 
by examining the kinds of observation and experimentation they adopt, 
and the auxiliary materials they utilise. 


PLACE AND ForM OF OBSERVATION AND EXPERIMENTATION 


The forms of observation and experimentation put forward in official 
recommendations on methods naturally include all kinds of practical 
activity, based as these recommendations mostly are on an activity 
approach to natural science teaching. Whether such recommendations 
are carried into practice depends, of course, on circumstances, the schools 
and the teachers concerned, and the available equipment. 

The most frequently employed kinds of activity are those not calling 
for any special equipment, and include experiments in the class and out-of- 
doors, nature study and “ study of the surroundings "’, drawing, individual 
collections (notably of plants), and visits and excursions. 

Additional place is given to active experimentation by the pupils when 
experiments in class and out-of-doors can be supplemented by laboratory 
work. Such work is done, either individually or in groups, in just over a 
half of the countries replying to the inquiry. It consists of dissection, work 
with the microscope, cultivation of bacteria, etc. 

Special importance appears to be attached to laboratory work in 
Australia and Canada. In Alberta in Canada, for instance, where “ the 
content and methods of teaching are chosen because of their significance 
for human living "’, the official viewpoint is that “* laboratory experiments 
are useless unless performed with a purpose in view and definite outcomes 
in mind. The experiment must function in the life of the pupil. Such 
work should embody the spirit of problem-solving as a teaching method. 
Evidence should be gathered and observations should be recorded faith- 
fully. The laboratory should be a place where pupils can find answers to 
questions and not merely verify textbook descriptions.” 
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Laboratory accommodation is available in all secondary schools in 
Scotland, and experimental work is an essential part of every natural 
science course. 

In Sweden, observations are made in the form of experiments in 
class, laboratory work by small groups of pupils, and work in the school 
garden and in the room set aside for the school biological, geological and 
mineralogical collections. Many secondary schools have facilities for the 
cultivation of the plants needed for experiments, and aquaria and some- 
times terraria. 

School gardens do not appear to be greatly used. Some _ twenty 
of the countries replying to the inquiry refer to them, but only as being 
in use at a certain number or schools. Several schools in Finland possess 
their own botanical garden or share one with other schools. 

Terraria and aquaria are installed in schools in some countries (Swe- 
den, for example, as noted above), and either replace or supplement school 
gardens. In schools where agriculture is taught, there is generally oppor- 
tunity for agricultural work, the produce of which may be consumed 
at the school orin the pupils’ homes. Keeping animals seems to be an 
exceptional rather than a common practice, and that only in a few 
countries and, as is to be expected, usually in rural schools. 

The extent to which nature study is systematically carried out varies 
from country to country and according to the nature of each school’s 
geographical environment. In Scotland, the observation of plants and 
animals in their natural habitat is recommended. In the German Federal 
Republic, the use is recommended of school gardens, vivaria, exhibitions, 
excursions and journeys, and visits to farms. 


The frequency and scope of educational walks, excursions and visits 
vary considerably from one country to another. 

In some countries, visits are limited to museums, and botanical and 
zoological gardens. In others, they extend to workshops, factories, farms, 
ete. 


In Sweden, frequent visits are made wherever possible to museums, 
factories, laboratories, nurseries, farms, botanical gardens, ete. 

Visits and excursions need to be well prepared in advance. In France, 
the ministerial instructions of 1938 state that on a well prepared and 
conducted excursion a child ** will observe, in the stratified rock of a quarry 
or a cutting, the traces of the movements of the earth’s crust which have 
shaped its surface.” 

In Turkey, too, it is recommended that a plan for walks and excursions 
be prepared in advance, with the cooperation of the pupils. During the 
outing, the pupils may make notes, drawing and sketches, and collect 
specimens for the school collections and museum. 

Pupils in New Zealand make excursions and visits on weekends or for 
even longer periods. 

Other means of stimulating active participation by pupils are * pro- 
jects " (as in Canada and the United States), school science clubs (Canada, 
New Zealand and South Africa), and notebooks for recording observations 
and making sketches and diagrams (Northern Ireland, Peru, Salvador, 
Turkey, etc.). 

In the United States, approximately 82°, of the high schools use 
** projects in general biology. These projects may be several small 
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projects carried out by individual pupils during the vear, or they may be 
a fewer number of large projects carried out by groups of pupils, or possibly 
by all members of a class, or by all the pupils in the school taking the course. 
Examples of the latter type of project are operating a school forest, carry- 
ing out a schoolgrounds beautification project, and setting up a nature 
trail or a wild-life refuge. 

Competitions are organised in New Zealand within pupils’ calf and 
lamb clubs, garden clubs, ete. 

In the Orange Free State in South Africa, agricultural clubs are 
attached to many country schools, and familiarise pupils with the 
latest agricultural methods. 

Reference has already been made above, in the sections on aims and 
syllabuses, to the place accorded to practical application of natural science 
to everyday life. Most syllabuses, those of Norway for example, generally 
envisage the support of formal teaching by presentation of such applica- 
tions, and also the opposite process of everyday affairs (in regard, for 
instance, to such matters as national and individual nutrition and health) 
being supported and elucidated by theoretical knowledge. 

In the German Federal Republic, all the curricula contain recommen- 
dations concerning the practical application of what is taught. A special 
endeavour is made to awaken interest in questions of hygiene, clothing, 
healthy living, and protection of nature, and in cultural and_ social 
problems. 

In countries where functional, type (a) teaching prevails, natural 
science syllabuses are based up to a point on practical, everyday affairs. 
The following passage from the Australian reply is of particular interest 
in this connection : 

(1) Application to life: (i) Natural science should be presented not 
as a mere academic study but in its practical application to everyday life 
and conduct ; (ii) there is wide scope for variation in interpretation where 
the teacher uses the immediate locality to which the student is accustomed 
for illustration ; (iii) Australian and everyday examples with which the 
student is familiar, should be used ; (iv) those aspects of the subject should 
be stressed which appeal to the student through his previous experience 
and arouse his curiosity for new knowledge ; (v) the student should be 
made aware of the impact of science and scientific discoveries on human 
life.” 

In countries where the social aim of natural science teaching is empha- 
sised, the practical applications given cover individual and public health, 
the prevention and cure of illness, the protection of nature, and the beauti- 
fication of one’s surroundings. In Mexico, natural science teaching has 
been associated with various public campaigns, including “* Afforestation ”, 
“ For Health’, and “ Maize ” 

Some of the replies state that practical applications are given insuf- 
ficient attention, and that they sometimes meet with local resistance, 
especially as regards questions of hygiene and nutrition, 

In Israel, the natural science syllabus is limited to biological questions, 
and leaves no room for practical applications to such matters as hygiene, 
clothing, ete. Such topics form part of the natural science course in the 
primary or basic schools, catering for pupils up to the age of 14. 
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Use or TEXTBOOKS 


Natural science teachers generally make use of textbooks. 

In the majority of the countries replying to the inquiry, the choice 
of such textbooks is made by the Ministry of Education or other educa- 
tional body, in the form of a prescribed, recommended or approved list. 
Teachers of any given class often have a choice among two or more books 
on such a list, which may also contain (as in Australia, Canada and Chile, 
for example) recommendations concerning equipment and works of 
reference. 

National botany and anatomy textbooks are in course of preparation 
in Ecuador. 

In Panama, the natural science programme for the first stage is based 
on an officially recommended American textbook. As the book is in 
English, some teachers make roneographed summaries from it and distri- 
bute them to their pupils. 

In some countries, textbooks are officially neither prescribed nor 
recommended, their choice being left entirely to the teacher's discretion ; 
in others, they are not regarded as essential to the course. 

In Ceylon, no textbooks are officially prescribed. Pupils use a text- 
book, but it is always supplemented by the teacher’s notes and records of 
observation and active experimentation. 

In Costa Rica, official instructions recommend textbooks which may 
serve as the basis of the pupils’work, without neglect of other books which 
may be consuited for more advanced study. Where no suitable textbooks 
are available, roneographed summaries prepared by the teacher may be 
used. 

In Honduras, textbooks are regarded as no more than an auxiliary 
aid to teaching. Teachers are not allowed to compel their pupils to learn 
things by heart. 

In Monaco, too, textbooks are treated as an auxiliary enabling 
teachers to avoid dictating copious notes. 

In Uruguay, the teachers themselves are expected to be the living 
book extending and deepening what is given in the textbook. 

In Peru, there are no special textbooks for natural science teaching. 
Pupils may use the books in the school library. Each pupil has a notebook, 
which he uses for reference and study. 

In the United Kingdom, textbooks are replaced in some schools by 
notebooks for recording laboratory or practical work, or by books in the 
school library. 

In Geneva in Switzerland, teachers distribute roneographed notes. 

In the Transvaal in South Africa, textbooks are replaced in some 
schools by roneographed notes containing sketches of apparatus, models, 
sections, intricate diagrams, ete. These notes are supplemented by pupils’ 
exercise books containing the descriptions, conclusions and results of their 
own practical experiments. 
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AUXILIARY AIDS 


The scope and form of observation and experimentation depend also 
on what auxiliary aids are available for the completion and illustration 
of lessons. 

The replies from Belgium, France, Greece, Israel, Mexico, Portugal, 
Turkey and Venezuela refer to official instructions or lists concerning 
auxiliary aids. 

At the request of the secondary inspectors, the association of natural 
science teachers in the Netherlands is now drawing up a list of necessary 
equipment. 

The suggestions on methods contained in the syllabuses often include 
suggestions with regard to auxiliary aids. 

The governments of a number of countries make grants for the pur- 
chase of equipment, although such grants are sometimes barely adequate 
to cover more than absolutely minimum needs. In other countries, the 
schools rely on their own resources, aid from the local community, or the 
creative ingenuity of the teachers. 

The quality and quantity of basic equipment (apparatus, instruments, 
specimens, collections, pictures, wall charts, etc.) thus varies according to 
ach school’s resources, even in countries where the government makes 
an equipment grant. Schools with a laboratory (which is the case, as noted 
above, in over half the countries replying to the inquiry) naturally possess 
more apparatus and instruments than schools which, having no laboratory, 
are obliged to conduct experiments in class or out-of-doors. Specimens 
may be preserved or living ones. In this connection, the following passage 
from the biology teaching handbook in use in Nova Scotia in Canada is of 
interest: ‘* Begin if possible with the observation of living material... 
introduce the student to preserved and dried material gradually.” 

In Chile, the official programme recommends teachers to base them- 
selves mainly on nature herself, as wall charts, photographs, films, models 
and the like are no substitutes for the precision and beauty of nature, and 
should be used only as auxiliary aids. 

Collections also vary in extent and variety from country to country 
and from school to school. School museums are referred to in only twelve 
replies. 

Secondary schools in Sweden appear particularly well equipped for 
the teaching of natural science. Lessons usually take place in special 
rooms or premises. Schools often possess large and valuable collections of 
stuffed and preserved animals and parts of animals, skeletons, botanical 
preparations, collections of dried plants, charts, microscopes, a projector, 
aquaria, etc. In many provincial secondary schools collections of this 
kind serve as regional museums. 

Some schools in Israel possess collections large enough to be called 
biological museums. 

Many schools without their own collection, especially those in the 
towns, make use of the public museums. In some countries, notably 
New Zealand, the United Kingdom, and the United States, the museum 
staffs often include educational officers who give demonstrations, lessons, 
etc., for school children. 
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Audio-visual aids are expensive, and rarely form part of the basic 
equipment of schools, but their increasing use is everywhere recommended. 
Schools generally possess a projector or an epidiascope, or can get one on 
loan, together with films or filmstrips. The use of films is developing. 
Official or private educational films and audio-visual aids services exist 
in Australia, Austria, Belgium, Canada, Denmark, England and Wales, 
France, Luxemburg, New Zealand, Norway, Salvador, Scotland, Switzer- 
land, Thailand, and the United States. 

Schools in Austria may hire films, lantern slides and projectors free 
from the federal educational films centre. 

The Department of Education cinematographic service in Belgium 
buys foreign films suitable for natural science teaching, and fills in gaps 
by making its own films. 

Schools in Denmark can get films by subscribing to the government 
film centre, which publishes an annotated catalogue. 

Schools throughout Switzerland can hire films from the educational 
films centre in Bern, the costs of so doing being met, half by the cantonal 
authority, half by the commune in which the school is situated. The 
Canton of Neuchatel makes a grant to communes within its borders for 
procuring projectors for lantern slides or 16 mm. film. 

In France, the Centre national de Documentation pédagogique lends 
schools filmstrips on natural science. It also publishes a list of films passed 
as instructional by the Ministry of Education. 

In Australia, radios, microphones, film projectors, and library books 
are generally provided by the local parents’ and citizens’ association. 
Often purchases of this kind are subsidized by state Education Depart- 
ments on a percentage in the pound basis. Films can be obtained from the 
state Departments of Education or hired from private film libraries. 

Elsewhere the use of films is often limited to the bigger schools, which 
are the only ones with suflicient funds to procure them and the necessary 
projectors. Sometimes there is a shortage of suitable films. The reply 
from Italy states that good educational films exist, but not in sufficient 
quantity to ensure really complete instruction. 

In Costa Rica, Panama and other countries in South America, films and 
filmstrips can be loaned free of charge from the United States Embassies. 

Broadcasting appears to be little used in natural science teaching. In 
Australia, broadcast lessons are arranged by the Australian Broadcasting 
Commission in each state, and accompanying booklets setting out the scope 
of the courses are published by the same body. Similar arrangements exist 
in a few other countries, but the use made of them is sporadic and even 
limited in some cases to a handful of schools. The reply from the United 
States reports that relatively few schools make regular use of recordings 
or television ; school television programmes are being tried out in several 
large cities. 

Wherever available, school libraries also serve to illustrate and supple- 
ment natural science lessons. They are referred to in thirty of the replies, 
but appear to be universal only in the United States. 

Some school libraries lack the necessary books for work in natural 
science. School libraries are often supplemented or replaced by the public 
libraries or, as in New Zealand, by a public loan service organised on the 
national seale. 
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TEACHING STAFF 
GENERAL AND PROFESSIONAL TRAINING 


Natural science at secondary level is generally taught by teachers who 
have taken a university course in science, accompanied, followed or pre- 
ceded by a theoretical and practical professional course at the university 
or a teacher training institution. In twenty of the countries replying to the 
inquiry, natural science teachers are required to possess a degree in science 
or its equivalent, together with a teacher's diploma or certificate. The 
following are examples of the kind and extent of studies required. 

In the German Federal Republic, natural science teachers in the high 
schools (Hoheren Schulen) are required to have passed the examination for 
teaching in such schools in natural science, after not less than four years’ 
at a university or polytechnic, and to complete such theoretical studies 
with one or two years’ professional training leading up to a professional 
examination. Many of these teachers have obtained their doctorate. 

In British Colombia in Canada, natural science teachers have four 
vears’ university study plus one year’s teacher training, the former includ- 
ing courses in the sciences, the latter, methods. The requirements in 
Ontario and Quebec are similar. 

In Denmark, natural science teachers must have graduated from a 
university after 6 or 7 years of studies, of which 5 or 4 years are devoted 
to natural science (zoology, botany and physiology). The examination in 
natural science is generally combined with the examination in geography 
and geology, or, in some cases, with gymnastics. After or before the 
university examination, there is a half year of professional training, both 
theoretical and practical. Besides university courses in the theory and 
history of education and in school hygiene, the candidates have 12 hours 
a week of practical training in the teaching of natural science and geography 
at one of the secondary schools, under the supervision of an experienced 
teacher and of the director of higher secondary schools. 

In Finland, secondary teachers of natural science are required to have 
obtained their batchelor’s degiee, after approximately five years of uni- 
versity study, in botany, zoology, and geography, to have passed a profes- 
sional examination, also at university level, and to have taught for one 
vear on probation in a grammar school. 

Natural science teachers in secondary establishments in France are 
expected in principle to be in possession of a natural science teaching 
licence and the secondary teaching certificate, or of a higher degree (agrégé) 
in natural science. The natural science teaching licence is granted to holders 
of the certificat d'études supérieures in zoology or physiology, botany or 
geology, or general physics or chemistry. The secondary teaching certificate 
is awarded on the results of a competitive examination covering the subjects 
taken in the secondary classes of the lycées. Candidates must have taught 
on probation for at least a year. 

All teachers appointed to natural science posts in Luxemburg have, 
done a four-year university vourse and passed the candidat and doctor's 
examinations in natural science. The title of professeur (secondary teacher) 
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is then conferred on them after a period of two years’ secondary teaching 
in Luxemburg or abroad and a practical test before a Luxemburg board 
of examiners. 

In Norway, natural science teachers are required to have taken a 
university course, of approximately five years’ duration, in one main and 
two subsidiary science subjects, and to have passed the final examination 
(embedseksamen) conferring the degree of cand. real. Then, after an addi- 
tional year on educational theory and practice, they must pass the 
secondary teacher's qualifying examination. 

In Peru, secondary teachers study at the university for their specialist 
secondary teacher's diploma in arts, science, mathematics, etc. They may 
in addition take a doctorate in education. 

Secondary teachers in Portugal have a university scientific and 
professional training, completed by a two-year practical course at the 
secondary training college at Coimbra. They hold a degree and the teaching 
diploma awarded by the secondary training college. 

In Switzerland, generally speaking, all natural science teachers in 
secondary schools are required to have had university and professional 
training, and to hold a degree in natural science or biology and a teaching 
certificate. In Geneva, for example, such teachers must have taken a 
complete university course in natural science or biology and hold an 
appropriate teaching certificate obtained on completion of complementary 
studies, training courses, and six months service in a secondary school. 

In Turkey, natural science teachers in secondary schools get their 
general training in the natural science faculties of the universities and their 
professional training in the education institutes at university level. 

In some countries, including the United States, teachers take a four- 
or five-year combined general and professional course at a university 
department of education, leading up to the science teacher's diploma. 

In other countries, teachers are required to have had university 
scientific education, but not necessarily professional training. 

The reply from Italy, for instance, states that to be entitled to teach 
natural science, teachers must hold a degree in chemistry, natural science, 
geography, medicine or agriculture, but that their professional training 
is inadequate. 

In the Netherlands, the required course is one of about six years in 
a faculty of exact and natural sciences. More or less as in Norway, candi- 
dates must choose one main and three subsidiary subjects. The qualifica- 
tion they receive on completion of the course gives them the right to teach 
both the main and the subsidiary subjects in a secondary establishment. 
There are no official instructions concerning professional training, but at 
most universities prospective secondary teachers have opportunity to take 
psychology, education and methods courses. 

Sometimes general and professional training is deemed desirable, 
and is provided, but difficulties of recruitment make it impossible to 
insist on the professional part. 

In Egypt, for example, natural science teachers are recruited for 
preference among graduates of the faculties of science and agriculture, 
who have in addition taken a one- or two-year professional course at the 
university institute of education. At the present time, however, a degree 
in science or agriculture is deemed sufficient, in view of the enormous 
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expansion of secondary education and the shortage of diploma-holders 
from the institute. 

In Ecuador, one university faculty has a training course in education 
and science for specialist secondary teachers, bnt this course is not 
compulsory. Some natural science teachers have a degree in medicine, 
and have thus had the requisite general training, but no professional 
training. 

In New Zealand, prospective teachers are advised to take a degree in 
science or agricultural science, and then to spend one year at the Auckland 
teachers’ training college. At present, however, there is a serious shortage 
of science teachers, and as a result some of the teachers appointed have 
done merely two years at a training college and one year on probation 
(they study for their degree after appointment), while others have taken 
a degree but have had no professional training. 

In Panama, there are two categories of natural science teachers. Those 
of the first category have taken a five-year general university course in 
appropriate subjects, and a professional course of 24 hours’ duration ; 
their qualification is that of “ secondary teacher with specialisation in 
biology and chemistry.” Teachers of the second category, on the other 
hand, are university graduates, or holders of secondary school diplomas, 
with no professional training. 

In some countries, natural science teachers may have had both 
general and professional training, but not necessarily at university level. 

In the German Federal Republic, for example, very few of the natural 
science teachers in the Mitlelschulen have had university training. They 
are for the most part capable, qualified primary teachers who have passed 
an examination for teaching in such schools in appropriate subjects. 

In Venezuela, natural science teachers in secondary schools take a 
four-year course in the biology and chemistry section of the institute of 
education. The course embraces general training and ordinary and 
specialist professional training. Candidates for admission to the course 
must possess the general secondary certificate or the primary teacher's 
certificate. 

In Nicaragua, the general and professional training of secondary 
teachers is given mainly in the national secondary establishments whose 
course terminates in the baccalaureate in science or arts. The prescribed 
qualifications for such teachers is the baccalaureate or a degree (in medicine, 
pharmacy, law or engineering), and the secondary teacher's diploma. 

University studies are quite commonly required only for teaching 
at the senior secondary level or in certain selected schools. In Belgium, 
for example, a degree (in biology, zoology or botany) is required only for 
teaching at the senior stage, while teachers at the junior stage may be 
assistant teachers trained in a secondary training college. Similar 
arrangements have been adopted in Saskatchewan in Canada, Ceylon, 
India, Portugal, South Africa, and the United Kingdom. 

Some replies refer to the inadequacy of training, and to shortage of 
specialist teachers. 

A number of factors determine whether the various natural science 
subjects shall be taken by one and the same teacher or by different teachers. 
Such factors embrace (a) the type of teaching adopted, (b) the size of the 
school, (c) the kind of training teachers have had. 
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When teaching is of the comprehensive kind, the various subjects are, 
of course, taken by one and the same teacher. When the various subjects 
are taught separately, as is often the case at the senior stage, on the other 
hand, then a different teacher is as a rule appointed for each one, except 
in small schools, where financial considerations make such an arrangement 
out of the question. 

In countries where there is a shortage of suitably qualified teachers, 
then teachers without special qualifications are appointed. 

It is to be noted that, even in countries where teachers have had a 
relatively very advanced scientific training, their studies have nevertheless 
often been extensive enough for them to be able to teach all the natural 
science subjects. 

Practice in this regard seems to vary not only from one country to 
another, but also from school to school within one country. The reply 
from the United States, for example, states that in the larger high schools, 
there may be from four to eight full-time teachers for the natural science 
courses. In the medium-sized high schools, one teacher may teach all 
the science subjects offered in the school. In small high schools with less 
than one hundred pupils, only one science subject may be offered each 
year, e.g., biology, chemistry and physics may be taught consecutively 
during # three-year period ; in such schools the science teacher has a variety 
of other teaching and administrative duties. 


FURTHER TRAINING 


Further training in the countries replying to the inquiry appears to 
be mostly of a general kind, and not specifically for natural science teachers. 

One exception to this general rule is Belgium. The further training 
of natural science teachers in this country is given special attention. It is 
effected by means of teacher exchanges, special conferences and courses, 
study periods, specialist associations, journals, and travelling scholar- 
ships. To these should be added work in the school laboratory outside 
school hours, the school library, contacts with university professors, 
vacation courses, and correspondence with colleagues abroad. The Depart- 
ment of Education also makes every effort to improve natural science 
teaching. It organises, in particular, scientific congresses at which, with 
the assistance of university staffs and the inspectors, natural scence 
teachers can keep abreast of recent progress and discuss questions of 
method. Such congresses often run parallel with an exhibition of teaching 
materials. The Department has in addition organised a mobile science 
exhibition prepared by the Palais de la Découverte in Paris. 

In Egypt, the further training of natural science teachers is ensured 
in the following ways: (a) in each school there is a senior science master 
who arranges meetings of the science staff to give them instructions and 
to discuss with them the methods to be used in teaching the various items 
in the syllabus ; (b) the school inspectors also give instructions and offer 
advice ; (c) special summer vacation courses are arranged ; (d) refresher 
courses are organised by the institute of education ; (e) the natural science 
teachers’ association arranges meetings, lectures, excursions, and film 
shows. 
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In the United States, the commonest means of keeping natural 
science teachers up-to-date are refresher courses and in-service ‘* work- 
shops *’, institutes, and extension classes offered (usually during the sum- 
mer) by colleges and universities. Several large industrial concerns offer 
scholarships for science teachers which permit them to study part-time 
on a university campus, and part-time in industrial plants, observing 
the applications of scientific principles in the processes involved. 

In Finland, the government-aided association of natural history and 
geography teachers is particularly active in respect of further training. 
It organises annual meetings for scientific and educational lectures. 
Teachers are thus kept informed of all recent advances in science and of the 
latest teaching methods. The association also arranges summer refresher 
courses, whose programmes include ornithological, botanical and ento 
mological excursions, and courses on forestry, gardening, heredity, 
mineralogy, ete. Furthermore, it organises trips abroad in special coaches, 
Such trips cover not only northern Europe, but central and southern 
Europe as well. 

In France, further training may be obtained through the courses 
organised by the educational centre at Sévres, which are intended more 
especially for the teachers of the * new classes ", and through the numerous 
journals for teachers in general, secondary teachers, and specialist teachers 
(including natural science teachers). 

In Israel, natural science teachers mainly secure further training 
during their holidays. They meet once or twice a year in conterence to 
discuss educational questions touching their subject. On such occasions 
they also organise exhibitions of natural science materials and books. 
Important biology excursions are made in the spring. Further training 
in biology is given during the summer months, in the form of intensive 
courses lasting a number of days. The association of secondary teachers 
of natural science cooperates with the Department of Education in further 
training and in the publication of books on natural science. In 1951 
appeared the first number of a new periodical published by the natural 
science inspectorate of the Department of Education, dealing with the 
methodology of natural science teaching. 

In New Zealand, the following means are employed to keep serving 
teachers up-to-date: (a) vacation refresher courses organised by the 
Education Department ; (b) refresher courses organised by the university 
faculties; (c) lectures and publications of the science teachers’ associa- 
tion; (d) numerous New Zealand publications; (e) the post-primary 
bulletins issued by the Education Department; (f) interchange with 
teachers mainly in England and the United States. 

In the Netherlands, various avenues of further training exist for 
natural science teachers. The association of natural science teachers holds 
meetings for the discussion of educational and scientific topics, and arranges 
visits to institutions and factories. The universities are also interested 
in the problem. The Ministry of Education organises vacation courses, 
and a special journal exists which is edited for and by natural science 
teachers. 

In the United Kingdom, natural science teachers can obtain further 
training in a variety of ways. The Science Masters’ Association and 
the Association of Women Science Teachers and their local branches are 
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particularly active in this respect. Numerous vacation courses in science 
are arranged by the respective Ministries of Education. The Ministry 
of Education of Northern Ireland awards further education scholarships 
in science. The Ministry of Education of England and Wales has during 
the past four years organised courses for science teachers which are held 
abroad with the object of exchanging information and ideas with teachers 
in other countries. The Educational Institute of Scotland and the Scottish 
secondary teachers’ association both have science teachers’ sections. 
These sections arrange lectures and discussions on science topics, and 
have made a beginning with the provision of special facilities for field 
studies in two counties. 

In some countries, occasional courses are organised to inform science 
teachers of the latest scientific advances. Such is the case, for example, in 
Australia, where more recent courses of the kind include ones on horti- 
culture, geology, forestry, and botany (Victoria, 1919 and 1950); teaching 
methods, and agriculture (South Australia, 1950); and science, and nature 
study (Queensland, January, 1951). 

In Uruguay, lectures and special courses are arranged by the secondary 
education directorate and the natural history museum. 

In countries where there are no officially organised means of further 
training, it is the associations of secondary teachers of natural science 
which are mainly concerned with the improvement of natural science 
teaching. 

In the German Federal Republic, apart from certain official weekend 
and seven-day courses, further training is largely a matter for the initiative 
of the individual teacher. Valuable work is done in this connection by a 
number of specialist associations, by means of their published reports 
on research and the organisation of excursions and courses. 

The reply from Italy states that the best teachers secure further 
training, and specialise, at their own expense, making often very con- 
siderable financial sacrifices out of love for their subject. 

In Venezuela, the teachers belonging to the biology and chemistry 
section of the institute of education appear to be doing particularly valuable 
work in respect of further training. They meet once a month to discuss 
problems of natural science teaching, and conduct regular studies in the 
central parts of the country for the purpose of finding suitable regions 
to which to take their pupils, collecting marine plants and animals for the 
public museums, and taking photographs of use as auxiliary aids. 


PROPOSED REFORMS 


The general reforms of secondary education now being implemented 
or considered in a number of countries naturally affect natural science 
teaching. There is a widespread tendency to devote more time to natural 
science, which has hitherto been deemed to be less important than physical 
science. In England and Wales, for example, the tendency in boys’ schools 
until recently was towards physics and chemistry only, and biology has 
been developed in these schools only during the past twenty years. The 
change in attitude is well summed up in the reply from Madras in India : 
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“The natural science subjects are now becoming popular, especially 
with the advent of biochemistry, bacteriology, agriculture, etc. For a long 
time they were looked down upon. Optional botany was assigned to 
students poor in mathematics or English. Even experienced head teachers 
felt that way. During the last decade the attitude has quickly changed...” 

The reforms envisaged affect syllabuses, methods, auxiliary aids, and 
teacher training. 

In Belgium, for example, the natural science programme has been 
brought into line with the secondary education reform applied progressively 
since 1948 to the 6th, 5th and 4th classes. The biology programme of the 
three top classes will be modified as soon as the results are known of the 
reform at the junior stage. 

In Canada, modifications in the teaching of science are envisaged in 
a number of provinces. In Alberta, for instance, special curriculum 
committees have been set up to review and revise the entire science pro- 
gramme for schools in the province. ‘* General science " courses are going 
to be introduced, in the senior classes in Quebee and British Colombia, 
and in British Colombia provision is being made for advanced study in 
biology requiring two years of “ general science "’ and one year of biology. 

In Costa Rica, the experiment was begun in 1951 of beginning in the 
Ist class with a “ general science *’ course, and of postponing the study 


“es 


of natural science proper until the 3rd class. 

A general revision of natural science syllabuses is now being carried 
out in Ecuador. 

In Finland, the reorganisation of natural science teaching in envisaged, 
with a view to its more adequate adaptation to the demands of everyday 


life. 

In Israel, the organisation of natural science teaching has not yet 
reached its final stage. It is hoped shortly to publish instructions 
concerning methods. 

In Italy, when the general reform of secondary education is imple- 
mented, it is hoped to extend the natural science programme and increase 
the supply of materials for it. 

A project now under consideration in Monaco would spread out the 
natural science programme now given in the terminal class of the senior 
secondary stage over the three classes of this stage, thus making the 
teaching of natural science continuous from the 6th class onwards. 

In Norway, a natural science section of the five-year secondary school 
was recently created as an experimental measure, in which greater stress 
is laid on biology than in the other sections. 

So far as methods are concerned, the general tendency of reforms 
appears to be to make natural science teaching more concrete, to lay 
more emphasis on pupil activity, and to make increasing use of auxiliary 
aids. Expression is often given to this tendency in the form of recom- 
mendations on methods accompanying the syllabuses. 

In Austria, it is desired to bring natural science into closer relation 
with life, and to limit the amount of knowledge to be acquired to the bare 
essentials. 

In Ethiopia more modern teaching methods are being introduced 
and, in regard to natural science in particular, the government is 
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endeavouring to secure the scientific equipment necessary for concrete 
teaching. 

In Finland, it is hoped shortly to make greater use of educational 
films and filmstrips than has hitherto been the case. 

In Honduras, the Ministry of Education is making every endeavour 
to ensure that more time is devoted to experimental and laboratory work, 
and exposition of theory relegated to second place. 

In Iceland, endeavours are being made to increase the place given to 
independent work and observation by the pupils. 

In Sweden, important changes are about to be made in educational 
structure, which, so far as natural science is concerned, will probably 
involve greater stress on pupil activities. 

In Thailand, natural science teaching in secondary schools has been 
in process of slow modification during the last decade. The formal method 
of teaching aiming at the mastery of subject matter is now being replaced 
by modern methods whose aim is to develop understanding, aptitudes, and 
scientific skills. 

Some of the replies refer to changes in teacher training. 

The reply from Honduras, for example, states that the Ministry of 
Education intends to establish a centre for the training of secondary 
teachers, and to make teacher selection more rigorous. 

In the Dominican Republic, a plan has been drawn up for training 
natural science teachers in the physical and natural science section of the 
national university. The course would be a two-year one, with specialisa- 
tion in the teaching and methods of natural science subjects. 

In Salvador, a directorate for mathematics and science teaching was 
established early in 1951. Intensive further training courses for secondary 
teachers are now being prepared. The programme of the arts faculty of the 
autonomous university of Salvador now includes a training course for 
specialist secondary teachers of mathematics and natural science. 
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AUSTRALIA 


From the reply sent by the Commonwealth Office of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science subjects do not generally receive as much emphasis 
in secondary education in Australia as do physics and chemistry, but most 
of them are taught in each of the six states. 

In the majority of these states various subjects are grouped under 
the name of general science, and taught for the first two, three or four years 
of secondary education. Where education proceeds beyond the general 
science course, it leads to specialized study in a branch of science. In most 
of the states specialized study in one or more of these subjects also occurs 
from the beginning of the secondary stage, the schools with more academic 
courses tending to specialize earlier. In secondary girls’ schools offering 
a domestic science course, a subject called home science combines the 
rudiments of the relevant natural sciences. 

Natural science, where taught, may be given in both stages of 
secondary education, i.e., for three years to the Intermediate or Junior 
Certificate Examination, and for another one or two years to the Leaving 
Certificate or Senior Examination and Matriculation. 

The average age of admission to the first year of secondary education 
varies in the different states from 12 years 7 months in Victoria to 14 years 
8 months in Queensland. 

It is impossible to give a definite figure for the time devoted to these 
subjects, but two to three hours a week is probably a fair estimate. The 
time allocation increases in the later years of the course. 

Natural science is generally optional. The curriculum for secondary 
studies is divided into groups of subjects, and for purposes of public 
examinations, during and at the school-leaving stage of the course, 
candidates must select a certain number of subjects from a certain number 
of groups. The science subjects are generally part of one group and the 
students do not compulsorily need to select subjects from that group. 

The subjects offered by a school for the Leaving Certificate Examina- 
tion naturally determine those offered in earlier years. The choice depends 
on the headmaster in conjunction with the secondary school inspector. 
In schools not providing specifically for public examinations, a greater 
degree of freedom in the choice of subjects is permitted and here also a 
science subject is optional. 

In one state, however, a Proficiency Certificate Examination is taken 
after three years’ post-primary education by pupils who do not intend to 
proceed to the Intermediate Certificate. Candidates must have taken not 
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less than eight subjects during each post-primary year, of which English, 
arithmetic, physical education and hygiene are compulsory. 

Promotion examinations are a matter of internal school organisation 
and are held during, and/or at the end of, the school year at times arranged 
by the school authorities. A science subject generally carries equal weight 
with any other subject. 

Apart from English, which is generally compulsory, other subjects 
are of equal importance in the secondary school-leaving examination. 
This applies also where the leaving examination is used for competitive 
purposes for university scholarships, bursaries and exhibitions. When 
the leaving examination is used, however, for purposes of matriculation 
and the university concerned lays down requirements for entry to a 
particular faculty, a science subject is sometimes compulsory. In Victoria 
where there is a special Matriculation Examination taken a year later 
than the Leaving Certificate Examination, a branch of science or mathe- 
matics is essential for entry into any faculty of the University of Melbourne. 


AIMS 


The aims to be attained in teaching natural science in Australian 
secondary schools are concisely summed up in the official pronouncement 
for Victorian schools with regard to the teaching of general science : 
** The aims of such a course should be to use wherever possible the everyday 
and humanistic aspects of science : (a) to give an understanding of funda- 


mental scientific principles ; (b) to develop the spirit of enquiry ; (c) to 
give an introduction to scientific method ; (d) to indicate the contribution 
of science to culture. ”’ 


SYLLABUSES 


It is impossible to give a general statement on the natural science 
syllabuses used in Australia, as each state provides its own. These 
syllabuses determine the courses taken by students proceeding to public 
examinations. For other students, variation is possible at the discretion 
of the school. 

The following are a few examples of such syllabuses : 


In Victoria, general science, taught in the first four years of secondary 
schooling, is as follows: (1) our physical surroundings: earth in space, 
earth’s crust, air and water; (2) our living neighbours: kinds of living 
things, their macroscopic structure, their origin ; living things at home, 
essential properties of living things ; (3) food : food and digestion, source 
of our food, food and energy, protection of food ; (4) energy and the work 
of the world : force and work, energy, transformation of energy. 

In the same state, biology, which is a Matriculation subject, runs 
through the six years of secondary schooling, as follows. Jstl lo 4th years: 
life histories, diversity of structure, modes of life, adaptation to environ- 
ment; metabolism; response to stimuli, plant behaviour, reception of 
stimuli, conduction, motor response, vertebrate reflex arc, spinal cord and 
brain, senses in man; reproduction, growth and development ; relation 
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to environment ; evolution and heredity; biology in relation to man. 
5th and 6th years: characteristics of living organisms ; diversity of living 
forms and modes of life ; metabolism and transport of material ; response 
to stimuli, plant geotropism, phototropism, hydrotropism, reflex action, 
eye, skeleton and movement; reproduction, growth and development ; 
ecology. 


In New South Wales there is a five-year course in agricultural biology, 
as follows. Ist to 3rd years: (a) agricultural botany : plant, seed, seedling ; 
root, stem, leaf, bud, flower, fruit ; dispersal of fruits and seeds ; weeds, 
seed testing ; general classification of plants ; pasture work ; (b) agricultural 
zoology: structure and function of earthworm, liver-fluke, tapeworm, 
frog, bird, mammal; physiological study of fowl or rabbit; insects; 
anatomy, structure and senses; development; general classification. 
4th and Sth years ; life processes ; the diversity of living things ; agricultural 
importance of life forms ; plant and animal improvement. 

In the same state there is also a five-year course in geology, as follows. 
Ist to 3rd years: dynamical geology ; physiographical geology ; material 
geology ; elementary structural geology; paleontology, diastrophism. 
4th and 5th years: material geology ; structural geology ; metamorphism ; 
paleontology ; principles of sedimentation and stratigraphy ; economic 
geology. 

In Queensland the syllabus for the physiology and hygiene taught in 
the four years of secondary education is as follows. Jst and 2nd years: 
(a) physiology: the living cell, alimentary canal, metabolism, skeleto- 
muscular system; respiratory, cardiovascular and lymphatic systems ; 
excretory organs; nervous system, sense organs, endocrine system, 
reproduction ; (b) hygiene : diet : nutrition, planning, preparation, eating ; 
malnutrition, teeth, digestion, constipation ; posture, exercise ; ventilation, 
clothing, sleep, rest, fatigue ; cleanliness, light, diseases, ete. 3rd and 4th 
years: elementary biochemistry ; systematic physiology ; hygiene ; history 
of physiology. 


In South Australia the five-year course in physiology is as follows. 
Ist to 3rd years : oxidation and combustion ; decomposition and combustion 
of organic substances ; respiration ; growth ; movement of water in plants 
and animals; nutrition; excretion; reproduction. 4th and dth years: 
(a) practical experiments from Cathcart’s “ First Book of Physiology and 
Hygiene ” (Macmillan); personal hygiene, sanitation, ventilation and 
dietetics ; (b) for honours students in physiology : human biology and a 
survey of its content ; history of life on the earth. 


In Western Australia the five-year course in biology is as follows. 
Ist to 3rd years: characteristics of living organisms ; plants: root, stem, 
leaf, flower, fruit ; animals : external characters and life cycles. 4th and 
dth years: structure and function: structural appearance, respiration, 
feeding, life history, adaptation to environment, economic importance of 
various types; plant and animal metabolism ; relation to environment ; 
growth and development. 


In Tasmania the following subjects are taught under the name of 
general science in the /st and 2nd years: (1) elementary physics and 
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chemistry ; (2) biology: plant and animal kingdoms, characteristics of 
living things; metabolism; human skeleton and its function; higher 
flowering plants ; bacteria and fungi; environment ; food and vitamins ; 
(4) geology ; rocks and mineral types ; atmosphere, ocean, rivers, glaciers, 
soil ; (4) astronomy. In the 3rd year there are two kinds of natural science 
syllabuses, one with an emphasis on physics and chemistry, as an intro- 
duction to biology and geology, the other with an emphasis on biology 
and geology only. The latter syllabus is as follows: (a) geology : litho- 
sphere, history of Tasmania, rocks, fossils, geological record; (b) biology : 
metabolism, reproduction and growth, plant and animal kingdoms, applied 
biology, heredity and genetics, evolution. 


METHODS 


Each of the Australian states issues annually an official handbook 
which sets out the courses of study available in secondary schools and 
offers suggestions on methods. For teaching natural science the following 
recommendations are made : 


(1) Application to Life: (i) natural science should be presented not 
as a mere academic study but in its practical application to everyday life 
and conduct ; (ii) there is wide scope for variation in interpretation where 
the teacher uses the immediate locality to which the student is accustomed 
for illustration ; (iii) Australian and everyday examples with which the 
student is familiar should be used ; (iv) those aspects of the subject should 


be stressed which appeal to the student through his previous experience 
and arouse his curiosity for new knowledge ; (v) the student should be made 
aware of the impact of science and scientific discoveries on human life. 


(2) Practical Teaching. (a) Experimental: (i) it is strongly urged that 
teaching methods should be experimental and observational rather than 
didactic ; (ii) in the early stages experiments should be simple and obvious 
so that they may be carried out with accuracy and care and good scientific 
habits may be established ; (iii) while not under-estimating the value of 
expert bench demonstrations by the teacher, both individual and group 
experiments should be carried out by the student; (iv) students should 
be encouraged to supplement classroom demonstrations by their own 
experiments and should be impressed with the necessity for control expe- 
riments ; (v) dated records should be kept of all experiments carried out. 
(b) Practical work: (i) field excursions should be made whenever possible 
and will depend for their success largely on the enthusiasm of the teacher ; 
(ii) field notebooks should be kept and written up during, and not after, 
the excursion ; (iii) drawings should be made from actual specimens and 
should be accurate and clear rather than elaborate ; (iv) collections of 
relevant articles should be made and clearly labelled. (c) Debate and 
discussion: provision should be made for inquiry, debate and discussion 
arising from experimental and practical work, as a means of cultivating 
a scientific attitude. 

Methods of observation and experimentation vary considerably in 
the school according to their locality, available facilities and the inter- 
pretation made by the individuat teacher of the suggested teaching 
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methods. Secondary schools which provide a science course are equipped 
with a science laboratory for experimental work, dissection, museum 
collections etc., and those schools which provide a course in agricultural 
science usually have attached to them an area of land used as an experi- 
mental farm. 

As stated above, stress is laid everywhere in the course of studies and 
in the suggested teaching methods on the relation of natural science to 
everyday life. For instance, the course of studies in junior physiology 
and hygiene for Western Australia states: “* The whole purpose of this 
syllabus is its practical application to life.” 

As it is the intention to leave to schools and teachers as much freedom 
as possible in the manner in which the subject is taught, usually no text- 
book is prescribed for compulsory study. Each state, however, issues as 
an assistance to teachers a list of textbooks which best meet the require- 
ments of the syllabus from the point of view of both teacher and student, 
and a list of detailed reference books from which the teacher may add 
supplementary knowledge. 

The range of teaching aids used varies widely in the schools but 
commonly includes collections, pictures, charts, apparatus (the essentials 
of which are supplied from government stores and the remainder from 
school funds), broadcast lessons (arranged by the Australian Broadcasting 
Commission in each state, with accompanying booklets which set out the 
scope of the course), films (supplied by state departments or hired from 
private film libraries), and books in school libraries. 

Radios, microphones, film projectors and library books are generally 
provided by local parents’ and citizens’ associations working in conjunction 
with the school. Often such equipment is subsidized by the state Education 
Department on a percentage-of-costs basis. 


TEACHING STAFF 


Students training as secondary school teachers follow a_ general 
course in educational practice and theory besides devoting special atten- 
tion to the subject or subjects they intend to teach. Prospective science 
teachers would naturally include science subjects in their university and 
college courses and would follow courses in special teaching method for 
those subjects. 

In general the teaching of the natural science subjects is shared at 
different levels among the science staff attached to the school. 

Serving teachers in each state have access to the educational gazettes 
published under the authority of the Minister of Education in the state 
concerned. The gazettes contain educational articles, book and filmstrip 
reviews, and notices and reports of educational activities. There are also 
other educational journals published, varying from state to state. 

Vacation refresher courses and summer schools are organized occa- 
sionally, some of the most recent being those in horticulture, geology, 
Young Farmers’ Clubs, and forestry in Victoria in 1949; botany, horti- 
culture and forestry in Victoria in 1950; science and nature study in 
Queensland in January, 1951; and teaching methods and agriculture in 
South Australia in 1950. 
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There is, within each state, a constant interchange of teachers between 
schools. Teacher exchange between states is also possible, and may be 
arranged by the educational authorities, at the request of a teacher. A 
system of exchange operates between Australia and Great Britain, but is 
not available to a very large number of teachers. There are no travelling 
scholarships available specifically to teachers in Australia. Under the 
Fulbright Agreement to provide assistance to teachers, scientists and others 
to study in the United States, science teachers may obtain overseas 
experience. 
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From the reply sent by the Ministry of Education 


PLAcE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Austria in all general secondary schools. 
Their course is an eight-year one, the pupils being from 11 to 19 years of 
age, and they embrace the Realgymnasium, the girls’ Realgymnasium, and 
the girls’ Realschule and high school. Natural science is compulsory in 
all classes, and two periods (three in the 7th and 8th classes of the girls’ 
Realgymnasium) a week are devoted to the subject. 

The same importance is attached to natural science in promotion 
examinations as to other subjects. If a pupil chooses a natural science 
subject in a school leaving examination, he has only an oral test in that 
subject. 


AIMS 


In the first four classes of all types of secondary schools the aims of 
natural science teaching are as follows : to acquaint pupils with the most 
characteristic families of animals and plants, on the basis of direct observa- 
tion ; to describe the phenomena of elementary morphology ; to give pupils 
an idea of the more easily explicable relations between bodily form and 
mode of living, and of the relations of plants and animals with their 
environment ; to introduce pupils to plant and animal classification ; 
to teach them the essentials of the structure of the human body, and the 
fundamental principles of hygiene ; to stimulate the pupils’ feeling for 
nature, interest in observing nature, and understanding of the interplay 
of natural phenomena ; to teach pupils the importance and aims of con- 
servation. 

In the upper four classes (the 5th to the 8th), natural science teaching 
becomes more advanced, but its aims, in regard to the knowledge to be 
acquired in botany, zoology, physiology and anatomy, remain the same. 
In addition, the first notions of mineralogy are given, through familiarising 
pupils with the most characteristic rocks and minerals and the relations 
between their morphological, physical and chemical properties. ‘Teaching 
also covers elementary geology and biology. So far as hygiene in girls’ 
schools is concerned, special stress is laid on the hygiene of women 
and small children, child care, nursing, and a knowledge of infectious 
illnesses. 
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SYLLABUSES 


The main items in the natural science syllabuses are as follows. 
Ist class ; common mammals and birds ; simple flowering plants ; elementary 
structure of the human body. 2nd class; reptiles, batrachians and fishes ; 
echinoderms, and molluses; seed plants, eryptogams; care of room 
plants, aquarium, terrarium. 4rd class: invertebrates, worms, troglodytic 
animals, primitive animals ; insects harmful to plants, carriers ; different 
species of flowering plants; ferns, mosses, mushrooms, algae, lichens ; 
plant identification exercises, planting vegetables. 4/h class: essentials 
of human bodily structure, first aid, prevention of accidents ; elementary 
mineralogy ; elementary local geology ; emergence of life (general biology, 
more important plants and domestic animals). 4th elass: botany : plant 
physiology and anatomy, principles of evolution, ecology. 6th class: 
zoology : animal physiology and anatomy, principles of evolution, ecology ; 
hygiene of the human body (girls’ high schools). 7th class: hygiene of the 
human body; mineralogy and general geology (zoology in girls’ high 
schools). 8th class: history of the earth and of life ; general animal and 
plant biology ; applied natural history. 


MrtHops 


No official recommendations exist on the methods to be used in 
natural science teaching. Teachers generally make moderate use of 
activity methods. Wherever possible, lessons include individual observa- 
tions and experiments. In addition, from the Srd to the 8th class, two 
periods a week may be set aside for optional practical work in natural 
science. Use is made of all the forms of observation and experiment 
enumerated in the questionnaire. 

From the syllabuses given above, it is clear that time is given 
to hygiene and its everyday applications. 

So far as textbooks are concerned, only those approved by the Federal 
Ministry of Education and appearing on an official list may be used in 
class. 

All the auxiliary means enumerated in the questionnaire are used to 
illustrate and supplement natural science teaching. Films and lantern 
slides may be hired free from the federal educational films centre (Bundes- 
staalliche Hauplstelle fiir Lichtbild und Bildungsfilm). This centre also 
loans projectors through the intermediary of its local branches. 


TEACHING STAFF 


Natural science teachers in secondary schools are required to have 
completed a natural science course in an Austrian university and a course 
of professional training. They must hold the teachers’ certificate and have 
completed a one-year period of teaching. 
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In secondary schools the various natural science subjects (zoology, 
botany, mineralogy, geology and somatology) are taught by the same 
teacher. Chemistry and physics are taken by other teachers. 

For further training, teachers may have recourse to study circles, 
lectures and special courses at the institute of education in Vienna (the 
organisation of similar institutes in the provinces is under consideration), 
lessons given by specially competent teachers, conferences, natural science 
teachers’ associations, articles in educational journals, ete. 


MISCELLANEOUS 


No modifications in natural science teaching are to be expected in 
the immediate future, but the general revision of the natural science 
programme is being considered. It is desired to bring the subject into 
closer, relation with life, and to limit the amount of knowledge to be acquired 
to the bare essentials. In the lower classes teaching would then bear 
mainly on a knowledge of the external forms, and take due account of the 
liking children of this age have for making collections. In the upper classes 
more emphasis would be laid on the formative aspects. 
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BELGIUM 


From the reply sent by the Ministry of Education 


PLacEe oF NATURAL SCIENCE IN THE CURRICULUM 


In Belgium natural science is taught in all sections of the first stage 
of secondary education (the 6th, 5th and 4th classes, pupils from 12 to 
15 years of age). At the second stage (the 3rd, 2nd and Ist classes, pupils 
from 15 to 18 years of age) it is taught in the three classes of the Latin- 
science section, in the 2nd and Ist classes of the Latin-Greek section, 
and in the Ist class only of the other sections. Two periods a week are 
devoted to the subject in the 6th and 5th classes, and one period a week 
in the 4th class and in all the second stage classes taking natural science, 
except the Ist class of the Latin-science section, where two periods a week 
are devoted to the subject. 

Natural science is compulsory, not optional. It counts for as much in 
promotion examinations as religion-and-ethics, history, and geography, 
and ranks equal with other subjects in the secondary school-leaving 
examination. 


AIMS 


Natural science is expected to arouse the pupils’ interest in the study 
of nature, and to provide opportunities for making innumerable direct 
observations. Its aim is to bring pupils into close contact with everyday 
life and to introduce them to the main activities of laboratories and 
museums. In a more general way it should indicate the influence of science 
and technical advance on human life and thought by showing the 
connection between the utilitarian and the cultural significance of the 
various techniques. It has an important part to play in coordinating 
subjects with which it shares observation, scientific research procedure, 
and the world of analysable objects and facts. 


SYLLABUSES 


In the 6th and 5th classes, natural science teaching comprises zoology 
and botany. ‘The zoology syllabus is as follows : 


6th class (all sections). Comparative study of some mammals and man : 
(1) living things and their conditions of life (observations) ; (2) morphology 
of mammals : external characteristics ; dissection of a mammal; general 
anatomy ; (3) study of systems, using real organs of an adequate size and 
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making constant comparison with man and other mammals ; (4) study of 
some mammals jn their environment ; (5) determining the characteristics 
of the principal groups, on the occasion of visits to museums and zoological 
gardens ; (6) characteristics of mammals with reference to hygiene and 
pathology. 


5th class (all sections). (a) Birds: study of some birds; visits to museums 
and zoological gardens to study the etology of the main types ; bird fossils ; 
main characteristics of birds compared with those of mammals. (b) Study of 
reptiles, batrachians and fishes in the same way—general characteristics 
of vertebrates and main characteristics of the different classes, evolution. 
(c) Elementary study of some articulate specimens. 


The botany syllabus covers, in the 6th class, analysis of simple plants 
and, in the 4th class, of more complicated plants. From September, two 
excursions are made which provide an opportunity for collecting fruits, 
leaves and bark, for studying trees in sifu, and occasionally for references 
to the ethological characteristics of trees and the economic importance of 
their woods. A study is made of easily analysable plants flowering in 
September. Observations are noted on numbered, dated cards for alpha- 
betical classification. 

Before the completion of forty zoology lessons in the 6th class, the 
cultivation in class of various bulbs and seeds is begun. Pupils observe 
the function of the structure ef the various types of plants studied. 


In the 5th class, towards the end of the course : lessons on synthesis, 
with the aid of documents ; kinds of stems, roots and natural and artificial 
propagation ; classification exercises on the main families ; study of the 
ethology and economic importance of some plants from the Congo. 

In and after the 4th class, zoology and botany are taught in the 
framework of biology, the syllabus for which is as follows : 


4th class (all sections). (1) Morphology : (a) botany : brief studies of 
an alga, a mushroom, and bacteria ; (b) zoology : brief study of a protozoan. 
(11) Physiology : (1) examination of plant and animal cells; (2) some 
fermentations of importance to industry and agriculture ; (3) pathogenic 
bacteria ; (4) structure of living things; (5) physiology of higher green 
plants ; (6) animal physiology; (7) metabolism; (8) cycles (especially 
those of carbon and nitrogen). (II1) Excursions and visits. 


3rd class (provisional syllabus). Zoology: ethological study of ten 
specimens of the various animal families ; examination of animals and draw- 
ing their essential characteristics (and possibly dissection), examination 
of animals collected during an excursion ; importance of sketches ; verte- 
brates, invertebrates, coelenterates, protozoa. Botany: study of ten 
specimens of the various plant families ; evolutive bases of classification, 
and increasing complexity of organisms ; miscellaneous points of anatomy, 
cytology, the biological cycle, ethology, etc. ; phanerogams, archegonia, 
thallophytes. 


2nd class. Study of the main groups (concluding study of specimens) 
and of the salient features of animal and plant evolution. 
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Ist class. Animal and plant processes ; movement, photosynthesis, 
nutrition ; colonies, symbiosis, parasitism ; respiration, excretion ; circu- 
lation, irritability, reproduction, heredity ; cell activity and differentiation ; 
evolution, critical study of transformism ; survey of history of biology. 


METHODS 


Official recommendations on methods of teaching natural science are 
given in a special booklet published by the Department of Education in 
connection with the present reform of secondary education. The value is 
stressed of a direct study of facts on the basis of concrete observations and 
constant use of comparisons. 

The first law of natural science teaching is active participation of 
pupils through documentary research, the keeping of individual notebooks 
and card-indexes, and learning based on personal experiences. Pupils 
should learn to observe, compare, and express by sketches and diagrams 
the results of their investigations. Teaching materials should as far as 
possible be taken from life, and supplemented when necessary by skeletons 
and anatomical specimens and models prepared by the teacher. Pupils’ 
notebooks should be frequently checked. Pupils should write brief sum- 
maries, in order to develop their ability to synthesise. Aquaria and terraria 
should be set up in the rooms reserved for biology. A favourable atmosphere 
should be created for developing reasonable and controlled curiosity and 
the true spirit of systematic research. 

From the above it is clear that natural science teaching in Belgium is 
above all characterised by active observation and experiment by the pupils 
themselves, and that use is only occasionally made of theoretical teaching. 

Use is made of experiments in class, laboratory work (dissection), 
study of surroundings (in coordination with geography), drawing (sketches 
and diagrams), individual collections, visits to museums, class excur- 
sions, etc. 

Observations made in connection with natural science are related to 
everyday activities, hygiene, economic affairs (the value of wood, and the 
use of plants and trees from the Congo), love for nature, etc. 

The use of textbooks is controlled by the committee on the improve- 
ment of secondary education, acting on the advice of well-known specia- 
lists, and their choice is controlled by the inspector of each subject. 

Precise instructions concerning the materials for illustrating or com- 
plementing natural science teaching are contained in a booklet published 
by the Department of Education. Such materials include charts for botany 
and zoology, collections (skeletons, plaster casts, stuffed animals), 
apparatus (microscope, hand lenses, epidiascope, projectors, aquaria, 
terraria, cages, dissecting materials, etc.), glassware (test-tubes, flasks, 
funnels, bell-giasses, cylinders), waxed cloth, bunsen burners, etc., and 
miscellaneous materials (filter paper, acids, etc.). 

The Department's cinematographic service buys foreign films suitable 
for natural science teaching, and fills in gaps by making its own films. O! 
the latter, the recent ones include (1) About Designing (a film on the use 
of activity methods in natural science teaching at secondary level), (2) In- 
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troduction to Chemistry Experiments, (3) Construction of Chemistry 
Apparatus and (4) Dragon-flies. Other films are being prepared, including 
* Introduction to Dissection in Biology ’ 


TEACHING STAFE 


Natural science teachers for the second stage of secondary education 
are university graduates in biology, zoology or botany. ‘Those for the first 
stage may be assistant science teachers trained in a secondary training 
college. 

The various subjects comprised by natural science are generally 
taught by the same teacher. Exceptions to this rule may be found in large 
schools. 

The further training of natural science teachers is effected by means of 
teacher exchanges, special conferences and courses, study periods, specialist 
associations, journals and travelling scholarships. To these should be added 
work in the school laboratory outside class hours, the school library, 
contacts with university professors, vacation courses and correspondence 
with colleagues abroad. 

The Department of Education also makes every effort to improve 
natural science teaching. It organises, in particular, scientilic conferences 
at which, with the assistance of university staffs and inspectors, natural 
science teachers can keep abreast of recent progress and discuss questions 
of method. 

Such congresses often run parallel with an exhibition of teaching 
materials. 

The Department of Education has, in addition, organised a mobile 
science exhibition prepared by the Palais de la Deécouverte in Paris, 


MISCELLANEOUS 


The natural science programme has just been brought into line 
with the secondary education reform applied progressively since 1948 
to the 6th, 5th and 4th classes. These three classes now have well defined 
regulations for their science courses. The biology programme for the three 
top classes will be modified as soon as the results of the reform applied to 
the first secondary stage are known. 
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CANADA 


From the replies sent by the Departments of Education of Alberta, British Columbia, Manitoba, 
New Brunswick, Newfoundland, Nova Scotia, Ontario, Quebee (Protestant and Catholic), 
and Saskatchewan 


PLAcE OF NATURAL SCIENCE IN THE CURRICULUM 


Though there are slight differences in the school systems of the 
various provinces of Canada, it may be said that the organisation of 
education follows everywhere more or less the same pattern. Grades VII 
to IX are generally considered as the junior high school or intermediate 
school, and grades X to XII or XIII as the senior high school. The average 
ages of children in the high school grades are from 12 to 18. 

Science subjects are taught all through the high school grades. They 
are grouped under the name of general science in the junior high school, 
sometimes up to grade X (Manitoba, Ontario, Saskatchewan), or even up 
to grade XI or XII (British Columbia, Newfoundland). Three to four 
periods a week are devoted to general science. The subject is compulsory 
in British Columbia (in grades VII and VIII), Manitoba, Nova Scotia 
and Saskatchewan. It is sometimes optional in New Brunswick, and 
generally optional in the remaining provinces. 

Biology, as a separate and generally optional subject, is taught as a 
rule in the upper grades. In Alberta, there are two courses in biology : 
biology 1, which can be taken in any high school year, and biology 2, which 
is a grade XII subject. In British Columbia, biology is taught from 
grades LX to XII; in Manitoba, in grades IX, XI and XII (it is compulsory 
in grade LX) ; in New Brunswick, in grade XII ; in Nova Scotia, in grades X 
and XII; in Ontario, in grade XIIL; in the Protestant schools of Quebec, 
in grades X and XII; in Saskatchewan, in grade XII. An average of two 
to four hours per week is devoted to the teaching of biology. 

Other natural science subjects mentioned in the replies from the 
different provinces are physiology and hygiene or health : New Brunswick, 
grade XI; Manitoba, grade X ; Newfoundland, health, grades VII and 
VIII, physiology, grade XI. Geology is reported in the replies of Nova 
Scotia and Saskatchewan for grade XII, and of Newfoundland for grade XI. 
In Alberta, geology can be taken in any high sc’iool year. 

Botany is recorded apart from general science in the Newfoundland 
syllabus for grades LX to XI. 

In examinations, the same importance is given to science subjects 
as to other subjects, at least in promotion examinations. English, mathe- 
matics and sometimes social studies, however, are generally considered as 
more important as they are required in all grades. In Quebec (Protestant), 
English, French, German, Latin and mathematics count double. 
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In Ontario, where biology forms a part of the science course, it receives 
the same emphasis as other subjects in promotion examinations. It is not 
a subject for the secondary school-leaving examination at the end of 
grade XII, but it is one of the subjects for the honours secondary school 
diploma at the end of grade XIII. 


AIMS 


The aims of general science teaching are given in the recommendations 
introducing the courses of study or programmes of the different provinces. 
Though expressed in different ways, some with more emphasis on scientific 
training, others with more emphasis on practical applications, they all 
stress better understanding and knowledge of the environment and 
developing clear and accurate thinking. 

The aims as defined in the programme for the junior high school of 
Nova Scotia may be quoted as the most comprehensive and the most 
representative : (a) to provide an understanding, appreciation, and control 
of everyday environment; (b) to give the pupil a fund of information 
which can be applied to his social and industrial life; (c) to give the pupil 
some foundation for later courses in science ; (d) to develop the ability 
to think clearly and interpret correctly ; (e) to give a background for 
the choice of subjects in keeping with the pupil's environment, interests, 
and probable vocation ; (f) to give a working knowledge of the extent 
and possibilities of Canada’s natural resources ; (g) to promote an under- 
standing and an appreciation of the world of nature and its laws of personal 
and public health. 

The general educational value of the teaching of science is stressed 
very strongly in the introduction to general science contained in the 
oflicial programme of studies for the high schools of Alberta : “‘ Today we 
are concerned with changing the teaching of science so as to make it 
contribute more effectively to general education. It is expected that those 
students who intend to specialize in science or proceed to university 
levels, will take the courses outlined in the High School Programme as 
physics, chemistry, geology, and biology. These courses in general science 
are concerned with the education of a much larger number of young 
people who will make up the majority of the coming generation of adults. . . 
Under such a system, the content and methods of teaching are chosen 
because of their significance for human living. Every one of these students 
will become a consumer of commodities ; hence consumer science is given 
a prominent place in these courses. Our energy resources, their utilization 
and conservation, are of vital importance to all of us and are treated as 
social problems. Metabolism and growth, sense organs and the nervous 
system are studies that enable man better to understand his own physical 
being. The improvement of plants and animals by scientific breeding is a 
valuable study.” 

The same purpose of significance for life is expressed clearly in the 
grade IX programme of Manitoba, one of the aims there given being 
“to help pupils acquire an understanding of science concepts, generaliza- 
tions and knowledge which will function in their daily lives and enable 
them to become more eflicient citizens ’’. 
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As an extension of the vocational guidance aim listed above, the 
intermediate programme of New Brunswick contains the statement : 
In the Province of Quebee (Protestant) this special aim is also very 
definitely expressed : ** to help pupils to find themselves, that is, to discover 
if they have a particular aptitude for scientific work and, if so, to encourage 
them to continue their study of science at the university or technical 
school.”’ 

Other programmes stress the love and protection of nature. For 
instance, in the intermediate programme of New Brunswick, one aim is 
“to instil within the pupils a love for an appreciation of nature, and 
through it to encourage them at all times to use their knowledge of science 
in an effort to improve and beautify the home and school surroundings *’. 

For the upper grades, where biology is generally taught as a special 
subject, aims are stated as follows in the programme of Nova Scotia : 
“The most general and most important value to be expected from a 
lirst course in biology is an appreciation of the variety of living forms, the 
factors influencing them and their relation to man. This course aims 
therefore, to introduce the student to the world of living things largely 
from the viewpoint of developing appreciations.” 

In Ontario, the chief aim of teaching biology in grades IX and X is 
the development of better attitudes towards personal and community 
health and towards conservation of natural resources. 

In Manitoba, the scientific bias in relation to life and environment is 
more definitely stressed in grades XI and XII: * (1) to acquire skills in 
scientific thinking which can be applied to the solution of life problems ; 
{2) to develop sound attitudes and habits which may include: (a) the 
protection and conservation of natural resources, (b) respect for the work 
of scientists, (c) the importance of biology to society ; (3) to develop an 
interest in living things through reading, caring for plants and animals, 
exploring and collecting specimens; (4) to help the individual attain 
adjustment to environment ; (5) to acquire information of both practical 
and cultural values as it pertains to organisms ; (6) to develop familiarity 
with the characteristics, activities and habitats of some living things ; 
(7) to open the field from a vocational viewpoint.” 

In Alberta, according to the programme of studies for the high school, 
the two courses in biology do not form a sequence. Biology 1 is a general 
elective, designed to help the student understand some of the problems in 
biology that are most likely to be met in everyday life. The course is 
informational rather than technical. It should be correlated with the 
course in health education which, in the high school, is not merely a matter 
of health habits, but is concerned also with building a scientific foundation 
for health habits. Biology 2 is an academic elective, intended for students 
who have a special interest in science, and who are preparing for university 
matriculation into a faculty in which they may specialize in science. 


SYLLABUSES 


In spite of slight differences, the general science programme covers 
more or less the same topics in the diflerent provinces. It usually begins, 
as stated in the reply of Quebec (Protestant), with an introductory treat- 





CANADA 61 


inent of various topics of general interest involving the practical applica- 
tions of elementary concepts in mechanics, electricity, astronomy, 
chemistry, physiology, etc. 

Often, the course is arranged as a number of problems, as in the 
Alberta programme : What are the chief conditions of the environment ” 
How does man obtain a knowledge of his environment ? (1. The sense organs. 
2. The nervous system.) What is the scientific method ? etc. 

There is a similar presentation in the Manitoba programme : How do 
scientists make discoveries ? What are things made of ? How can materials 
be changed ? How do we use and control fire?) How do we control heat ? 
How do we provide our homes with a good water supply 2? How do simple 
machines help us do work? Ilow do we harness the energy of nature to 
do our work? How do we obtain and use electrical currents ? How do we 
use energy for communication? How does man provide transportation ? 
How can science help us keep from wasting nature’s wealth ? 

In Ontario, in grades IX and X, the course covers the principles of 
growth as revealed in an experimental study of living things. The chief 
questions treated are (a) How living things obtain food ; (b) How food is 
converted into energy and growth; (c) How living things reproduce 
themselves ; (d) How living things adapt themselves to their environment. 

In Saskatchewan, the main topics of general science are : Grade LX, 
the science of things about us, the plant world, the materials of the earth’s 
crust, the structure and uses of matter, application of science to the 
planning and building of homes, applications of science to agriculture ; 
Grade X, the composition of matter, the control and use of energy, study 
and uses of water, study of metals, study of both plant and animal life 
as related to agriculture. 

As for biology, here are a few examples : 


(a) Quebec (Protestant). Grade X : insect life, protoplasms and cells, 
flowering plants, a survey of organisms, human structure and physiology. 
Grade XI: flowers, fruits and seeds ; conservation ; reproduction ; nervous 
and chemical controls ; disease and health in man ; the frog ; heredity and 
evolution. Grade XII: a general course in botany and zoology on the 
college level. 


(b) Manitoba. Grade XI: the living things of the earth are many 
and varied ; all living things are basically alike ; green plants make the 
food used by all living things ; constant care is needed for maintaining our 
health ; how animals and plants make more of their own kind. Grade XII: 
how a complex animal uses food for energy and growth ; why living things 
behave as they do; constant care is needed for maintaining our health ; 
how living things affect one another; the organism is the product of its 
heredity and its environment ; the earth and its inhabitants have changed 
through the ages. 

(c) Saskatchewan. Grade XII: the study of life ; study of plants ; 
their structure, uses, classification ; simple animals ; insects ; vertebrates ; 
lish ; foods for living things; elimination of wastes; glands ; control ol 
disease ; reproduction ; factors of inheritance. 


(d) In Ontario, in Grade XIII, the course in biology is a systematic 
treatment of botany and zoology, similar to a first-year university course. 
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Geology, when taught, may cover topics such as those enumerated 
in the reply of Saskatchewan: geology defined ; the atmosphere ; effect 
of running water; ground water; lakes; oceans; effect of snow and ice ; 
igneous activity; structure in rocks; earthquakes; mountains; ore 
deposits ; principles of historical geology ; earliest stages of the earth ; etc. 


METHODS 


Methods to be used in science teaching are not officially prescribed in 
Canada, but experimental methods are commonly used. As summarized 
in the reply of Saskatchewan, in all science work emphasis is placed upon 
the development of habits of careful and independent observation, the 
acquisition of good laboratory techniques, and the preparation of clear 
and systematic records of the work done. Formal teaching in the way of 
explanation is commonly given. Schools are required, however, to have 
science laboratories. Experiments are listed and prescribed, and teachers 
are encouraged to have students perform such experiments. 

Recommendations or suggestions as to the methods to be used are 
often contained in the handbooks on the course of study or in the syllabuses 
published by the Departments of Education. In Nova Scotia and New- 
foundland, these recommendations are very extensive. As regards the 
junior high school, they state, for instance : ‘‘ The fundamental principle 
of science teaching is that learning should come through active participation 
in life situations. Book material as supplied by the teacher becomes 
significant and desirable only in so far as the teaching establishes a need 
for it through the child’s activities and interests. Worthwhile knowledge, 
development of skills, building important attitudes and proper ideals, 
and the translation of these into conduct on a high social plane can only 
be accomplished effectively through actual child experiences.” They 
recommend individual and group activity, extracurricular activities, the 
formation of a science club, project teaching, voluntary extra textbook 
reading, pupil lesson sheets (containing the pupil's homework, assignment, 
definite questions, topics and questions for class discussion), and the use 
of a projector with sets of slides borrowed or made by the teacher at a 
moderate cost. The recommendations also state that “ The method of 
procedure should bring about the application of the scientific principles 
studied to as many life situations as possible,”” and that for presentation 
the demonstration method “is generally recommended rather than the 
individual laboratory and the group method.’ The teacher should also 
endeavour to create interest and develop experimental work, and encourage 
pupils to perform bome experiments and make apparatus for school 
experiments, 

As regards the teaching of biology in the senior high school, the Nova 
Scotia handbook insists on the fact that biology is the science of life: 
‘** Make every effort to arouse the students’ interest in living forms ; begin 
if possible with the observation of living material ; a few directed observa- 
tions of this nature are worth far more than a mass of memorized textbook 
material ; introduce the student to preserved and dried material gradually.” 
It recommends having in each room a balanced aquarium and one or mote 
terraria and using as many visual aids as possible in addition to the living 
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forms themselves. It suggests a micro-projector, slide projector and 
daylight sereen as valuable aids in schools equipped with electricity, 
and adds that any teacher can make an excellent collection of slides at 
little cost. 

In Alberta, as mentioned above in the section on the aims of natural 
science teaching, “ the content and methods of teaching are chosen because 
of their significance for human living”. It is further recommended : 
‘“ Laboratory experiments are useless unless performed with a purpose in 
view and definite outcomes in mind. The experiment must function in the 
life of the pupil. Such work should embody the spirit of problem-solving 
as a teaching method. Evidence should be gathered and observations 
should be recorded faithfully. The laboratory should be a place where 
pupils can find answers to questions and not merely verify textbook 
descriptions. ’’ A special bulletin has been published by the Department 
of Education of Alberta as a guide for practical and experimental work in 
physics, chemistry and biology in senior high schools. 

In some provinces, however, it seems that experimental methods and 
applications to life are not used to such a large extent. New Brunswick 
replies : ‘‘ Methods most commonly used in the classroom are : demonstra- 
tion, instruction, laboratory periods, review.” It is probable that more 


importance is placed on formal teaching than on observation and active 
experimentation by the pupils. As regards whether practical application 
is made to daily life, the reply for New Brunswick expresses the belief 
that it is made considerably by some schools, to some extent by other 
schools, and not at all by yet other schools. 


In Manitoba, the methods used are lectures, class discussion and 
laboratory and field work. Traditionally, formal teaching receives most 
emphasis, but observation and active experimentation are also encouraged. 
An effort is made to make the knowledge acquired functional. 

In British Columbia, the methods used are reported as follows : 
problem-solving ; experiments ; use of notebooks ; instruction in English ; 
grouping of classes and grades (i.e. combining two courses into one) ; 
evaluation and testing. Ranked in order of importance, formal teaching 
is marked 3, observation 2 and active experimentation 1. 

Even if there is not always definite application to daily life, there is 
everywhere some stress on applications to health, nutrition and conser- 
vation. 

From the recommendations quoted above, it has been seen more or 
less in what way observation and experimentation are carried out and 
what aids to teaching are generally used. The reply of New Brunswick 
may be quoted here also: ‘* Much assistance is given to teachers, parti- 
cularly in intermediate grades by the School Branch of the Provincial 
Museum which lends natural science objects, collections, pictures, charts, 
lantern slides, films. Many schools have reference works in their libraries, 
and they have also school museums. Instructions regarding equipment 
are given by the dispensing agencies.”’ The reply of Saskatchewan probably 
also indicates a general policy : ‘Grants are made for equipment. Schools 
must have certain basic equipment and are encouraged to build up libraries 
and collections, and to use the film service supplied by the Saskatchewan 
Film Board.” 





NATURAL SCIENCE IN SECONDARY SCHOOLS 


In Quebec (Protestant), practical work is chiefly done in the laboratory. 
Much use is also made of films. Field work is recommended in biology. 
Visits to factories, museums and the like are arranged when possible. 

In Ontario, observation and experimentation are carried out both 
indoors and outdoors. The outdoor work may embrace school gardens, 
and in rural high schools it is related to school and home projects in 
agriculture. 

Films, as seen above, are used practically everywhere, being obtained 
from the Departments of Education or from other sources. 

As to textbooks, they are generally prescribed and are supplemented 
by recommended reference materials and books. 


TEACHING STAFE 


British Columbia, Ontario, Quebec (Protestant) and Saskatchewan 
report that high school teachers hold university degrees. 

In British Columbia, they have four years of university studies plus 
one year of teacher training, the former including courses in the sciences, 
the latter in methods. They must have a B.A. or B.Sc. degree plus a 
teaching certificate requiring two years of successful teaching experience. 

In Ontario, teachers of science are universily graduates who hold the 
High School Assistant’s Certificate required of all teachers in secondary 
schools. Practically all teachers of science have taken pass or honours 
courses in science in faculties of arts, applied science, or agriculture, and 
have taken special methods in the teaching of science. 

In Quebee (Protestant), all teachers with high school certilicates hold 
university degrees and have taken two years of science at college. Teachers 
of science have normally majored in a science at college. 

In Saskatchewan, teachers in the larger high schools and collegiates 
require a high school teacher's certificate, which means that they have a 
bachelor’s degree, usually in either arts or science. The science background 
gained at the university is of a high standard. In smaller schools having 
one high school room or in the rural one-room school the teacher often has 
only a grade X11 background with one year of teacher training in addition. 

In other provinces, the standard of requirements does not seem to be 
so high. In Alberta, for instance, all teachers are required to hold an Alberta 
training certificate, but teachers of natural science courses are not required 
lo have any special scientific training. In New Brunswick also, no special 
requirements are set forth. In Nova Scotia, however, local school boards 
are encouraged to secure teachers with a major or honours in science. 

All the natural science subjects are not necessarily taught by the same 
teacher ; it generally depends upon the importance and size of the school. 

Summer courses, conventions or institutes may be attended by in- 
service teachers, who can also subscribe to educational journals. There is 
very little provision, however, for helping science teachers to keep up-to- 
date with their scientific knowledge. British Columbia mentions the 
formation of a special science section in the Teachers’ Association, and in 
Ontario, refresher courses in science and in agriculture are given in certain 
summers, and the science teachers form a section of the Ontario Edu- 
‘cation Association. 
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MISCELLANEOUS 


Modifications in the teaching of science are envisaged. For instance, 
in Alberta, special curriculum committees have been set up to review 
and finally revise the entire science programme for secondary schools. 

In Quebec (Protestant), the introduction of a general science course for 
grades X and XI is now being considered. 

In British Columbia, provision is made for advanced study in biology 
requiring two years of general science in any two of grades LX to XI and one 
year of biology in grades XI to XII. Two general science courses for the 
high school grades X to XII are now being prepared. 
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CEYLON 


From the reply sent by the Ministry of External Affairs 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


General science, comprising the elements of physics, chemistry, 
botany and geology, is taught in Ceylon in the middle school of the English 
schools, and botany and geology in the upper school. 

General science is generally taught in the 2nd and 3rd years of the 
middle school, i.e., forms II and III, the age groups being 13 to 14 years. 

Botany is taught in all four years of the upper school, i.e., senior 
preparatory, senior, and two years of the Higher School Certificate, the 
age groups being 15 to 18 years. 

Zoology is generally taught only at the Higher School Certificate 
stage, i.e., the 3rd and 4th years of the upper school. In a few schools it 
is taught in the senior classes. 

In the middle school, 14, to 2 hours a week are devoted to the teaching 
of general science. In the senior class of the upper school, 3 hours a 
week are devoted to each of the subjects botany and zoology. In the 
Higher School Certificate class, the time devoted to each subject is about 
61% hours a week. 

In the middle school, where general science is taught, it is compulsory 
for all pupils. In the upper school, natural science subjects are optional 
for the students, though grade 1 schools have to provide for instruction 
in natural science up to the Higher School Certificate stage, and grade 2 
schools up to the senior class at least. 

Less importance is given to natural science in comparison with other 
subjects in promotion examinations and the secondary school leaving 
examinations. 


AIMS 


In the earlier stages the aims of natural science may be summarised 
briefly as follows : (a) making pupils aware of the relation between cause 
and effect by allowing them to deal with objects, animals, plants, etc., 
which are familiar to them ; (b) developing close and accurate observation ; 
(c) developing manipulative skill. 


SYLLABUSES 


The middle school general science syllabus varies slightly from school 
to school. Biology as a part of general science includes an elementary study 
of germination, growth, flowering and fruiting of common plants, life 
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histories of common insects, mammals, birds and fishes, interdependence 
of animals and plants, and the effect of soil, water and air conditions on 
various forms of life. 

In the senior class and Higher School Certificate classes, the syllabus, 
regulated by the needs of the examinations, is as follows : (a) senior class : 
botany—-morphology, physiology of plants, and elementary ecology ; 
zoology —morphology, physiology ; (b) Higher School Certificate classes : 
botany—-morphology, physiology, histology, taxonomy, ecology, and 
cryptogams ; zoology-—morphology, classification of animals, elements of 
mitosis, and elementary study of evolution. 


METHODS 


There are no official recommendations concerning teaching methods, 
except that as much practical work as possible should be done in 
laboratories. Practical work is, however, tested only at the High School 
Certificate Examination. 

Generally the lecture method aided by demonstration is used in the 
junior years. Observation through excursions and rambles and active 
experiment, where laboratory facilities are available, are used in the 
senior class and Higher School Certificate classes. Formal teaching is thus 
given greater importance in the middle school, whereas observation and 
active experiment receive more importance than formal teaching in the 
senior class and Higher School Certificate classes. 

Observation and active experiment are carried out mainly in the 
laboratory, as only urban schools provide instruction in natural science. 
School museums, school gardens, drawing and nature rambles are also 
used for this purpose. 

Economic factors do not permit the full practical application of the 
knowledge acquired to daily life. Some of the knowledge is applied, 
however, in such matters as health, nutrition and clothing, and protection 
of fauna and flora. 

No textbooks are prescribed officially. Schools are free to choose their 
textbooks for natural science. Students use a textbook, but it is always 
supplemented by the teacher's notes and by records of observation and 
active experiment. 

There are no instructions regarding teaching aids except that the 
laboratories should be adequately equipped to cover the prescribed syllabus. 
Pictures, charts, school broadcasts and school library books are used as 
aids in many of the longer-established schools. The use of lantern slides and 
films has just been introduced in a few schools. 


TEACHING STAFF 


Teachers should be graduates of a recognised university and for their 
degrees should have specialized in the subjects they teach. Those who have 
a diploma in education in addition to their degree receive preference in the 
appointments. 
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Normally the same teacher teaches botany and zoology in the 
upper school, as most graduate teachers of biology have specialized in 
both botany and zoology for their degrees. 

In the middle school, when graduates are not available, teachers with 
lower qualifications (e.g., an intermediate in science) teach general science. 

Very little has been done to keep serving teachers up-to-date in their 
scientific knowledge. At present educational journals and the science 
associations of Ceylon are the only media available to teachers. 


MISCELLANEOUS 


Certain modifications are envisaged in the teaching of general science 
in the middle school after the introduction of practical education (as 
opposed to academic education) during the course of 1951. 
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CHILE 


From the reply sent by the Ministry of Education 


PLAcE oF NATURAL SCIENCE IN THE CURRICULUM 


Natural science subjects are taught in Chile at both stages of secondary 
education, which children begin at the age of eleven. Science subjects 
are compulsory throughout the six-year secondary course, and embrace 
zoology, hygiene and botany for three periods a week in the Ist class, 
zoology, hygiene and botany for two periods a week and chemistry and 
physics for one period a week in the 2nd and 3rd classes, and biology 
for two periods a week in the 4th, 5th and 6th classes. 

The same importance is attached to natural science subjects as to 
other subjects. 


AIMS 


At the first stage of secondary education (the first three classes), 


the aims assigned to natural science teaching are to develop the pupils’ 
aptitude for observation and research, to form habits of orderliness, and to 
impart knowledge useful in life. 

At the second stage, biology gives a knowledge of the morphology, 
physiology and hygiene of the plant and animal kingdoms, on the basis 
of observation and experiment adapted to the pupils’ previous training 
and their degree of intellectual maturity. 


SYLLABUSES 


At the first stage of secondary education, zoology and botany are 
studied from the point of view both of their classification and their biological 
aspects. The pupil's observations are directed to the discovery of the 
conditions of life of animals and plants, so that he becomes aware of the 
intimate relations invariably to be found between a creature's morphological 
constitution and its environment, and between its physiological needs 
and the conformation and structure it possesses for adaptation and the 
struggle against its natural enemies. 

The zoology syllabus first comprises a general and then a more detailed 
knowledge of human physiology, in particular of the sense organs and 
the viscera (dissection of a rodent), the digestive, respiratory and circulatory 
systems, the skeleton and the muscles. A study is then made of the various 
species of animals, representative types being chosen in each group. In 
each class, teaching is supplemented by practical work, drawings, micro- 
scope work, dissection, visits, ete. 
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The botany syllabus follows similar lines to that for zoology. As far 
as possible specimens are chosen which possess both biological and practical 
interest. Special emphasis is laid on the study of living plants, without 
excess of attention to details, but with constant reference to the environ- 
ment and to plants useful or harmful for man. 

At the second stage, plant and animal biology are taught in the 
ith and 5th classes, and the structure and properties of cells, embryonic 
development, general histology and environmental hygiene in the 6th class. 


METHODS 


The official programme recommends concrete teaching and activity 
methods. In biology, for example, teaching should be of such a kind that 
the pupils are led to make educationally valuable experiments, observe 
and interpret natural phenomena, and deduce the laws governing them. 
To illustrate their teaching, it is recommended that teachers base them- 
selves mainly on nature herself. Wall charts, photographs, films, models 
and the like are no substitutes for the precision and beauty of nature, and 
should be used only as auxiliary aids. Teaching should be systematic 
and scientific, without neglecting its educational and practical (economic- 
social) aims. 

Science textbooks and auxiliary reading material exist, which are 
approved by the Ministry of Education, and among which teachers are 
free to take their choice. 

Museums, libraries, etc., also serve to supplement teaching. 


TEACHING STAFF 


Secondary science teachers are required to have obtained the qualifi- 
cation of State secondary teacher of biology and chemistry, from the 
University of Chile. 

The University of Chile organises occasional courses for the further 
training of secondary teachers. The organisation of permanent courses, 
under the auspices of the faculty of philosophy and education, is now 
being considered. 


MISCELLANEOUS 


The revision of the curriculum of the second secondary stage is now 
under consideration. 
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From the reply sent by the Ministry of Education 


PLace oF NATURAL SCIENCE IN THE CURRICULUM 


Natural science subjects are compulsory ones in Costa Rica in the 
live years of secondary education (pupils from 13 to 18 years). Zoology 
is taught in the Ist class, botany in the 2nd, anatomy and physiology 
in the 3rd, mineralogy and geology in the 4th, and biology in the 5th. 
Four periods a week are devoted to these subjects in each class. The 
same importance is attached to them as to other subjects. 


AIMS 


Natural science teaching aims at arousing pupils’ interest in the 
study of nature, and at helping to ensure their better adaptation to life, 


through (a) stimulating their intellectual independence by means of 
research and observation, (b) introducing them to good methods of work, 
(c) enabling them to appreciate the value of the country’s natural resources, 
and (d) developing in them an attitude of active social understanding and 
cooperation. 


SYLLABUSES 


The zoology and botany syllabuses are based on the national fauna 
and flora, and on the general principles of classification. Anatomy and 
physiology embraces a summary study of the structure of the human 
body, with special emphasis on hygiene problems. Geology and mineralogy 
cover the formation and origins of the earth, the characteristics and uses 
of the principal minerals and rocks, and volcanoes and elementary seis- 
mology. Biology comprises first the cell and cell morphology, histology, 
and associations, and then the principles of genetics and ecology. 


METHODS 


Official recommendations exist concerning the methods to be used 
for teaching the various natural science subjects. They may be sum- 
marised in the principle of proceeding from the known to the unknown. 
Pupils should themselves discover relationships and the practical applica- 
tions that can be made of them. Special stress should at all times be laid 
on a steadily improving knowledge of the environment. 
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Equal importance should be attached to theoretical teaching, observa- 
tion and experiment. 

Observation should be made in the form of experiments in class, 
individual or group laboratory work, observation of nature, collections 
made by groups of pupils, excursions to the country, visits to factories, 
workshops, ete. 

Reference should be made to all possible applications to the pupils’ 
everyday life. 

Official instructions recommend textbooks which may serve as the 
basis of the pupils’ work, without neglect of other books which may be 
consulted for more advanced study. Where no suitable textbooks are 
available, roneographed summaries prepared by the teacher may be used. 

The auxiliary aids used comprise apparatus, objects, collections, 
pictures, lantern slides, museums, etc., according to need; there are no 
precise instructions in this connection. Films and filmstrips are loaned 
free of charge by the United States Embassy. 


‘TEACHING STAFF 


Natural science teachers in secondary schools are by preference 
university graduates, but use is also made of the services of capable 
persons who have not taken a university course but who hold at least the 
primary teacher's certificate. 

Two natural science subjects are sometimes taught by the same 
teacher. 

There are groups of natural science teachers, and a national association 
of science teachers in general. Conferences for study are also organised. 


MISCELLANEOUS 


Some modifications in natural science teaching are envisaged. One 
is being applied experimentally in one of the public secondary schools. 
It consists of beginning in the Ist class with a general science course, 
and of postponing natural science proper until the 3rd class, and slight 
changes in the order of topics. 
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DENMARK 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Denmark in the following sections or 
types of secondary schools: (a) in the four classes of the middle school 
(mellemskole), the pupils being from 11 to 15 years of age ; (b) in the six 
upper classes (6th to 11th classes) of the girl’s school, the pupils being 
from 11 to 17 years of age ; (c) in the special one-year class (realklasse) 
following the middle school, the pupils being from 15 to 16 years of age ; 
(d) in the three classes of the senior secondary school (gymnasium), the 
pupils being from 15 to 18 years of age. 

Natural science is always compulsory. Two periods per week are 
devoted to it in practically all the schools and classes mentioned above, 
except in the top (third) class of the senior secondary school, where the 
allocation is four periods. 

In promotion examinations the same importance is attached to 
natural science as to other subjects requiring an oral examination only 
(Danish, mathernatics and foreign languages have both an oral and a 
written test). In the leaving examination of the realklasse the same 
importance is attached to natural science as to other subjects. In the 
leaving examination of the senior secondary school, natural science has 
only half a point. 


AIMS 


Official instructions define the aims of natural science teaching as 
being (a) to teach pupils how to observe accurately and thoroughly, (b) 
to teach them to describe their observations clearly, systematically, and 
in such a way that the most significant points are brought out, (c) to 
promote, through observations, a more or less detailed knowledge (es- 
pecially as related to the surroundings of the school) of the living nature 
of the commonest species and less complicated organisms, with emphasis 
on the importance of the various organs and the interdependence between 
the anatomy of organisms and their way of living, (d) to give an understand- 
ing of the reiationship between the different species, again through observa- 
tions and not through knowledge imparted beforehand, and (e) to show 
the utility to man of plants and animals. 

In the senior secondary school official instructions give the aims of 
natural science teaching as being (a) to make pupils visualise the continuity 
of living nature, (b) to make them realise the importance of knowing 
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something about the human body and its hygiene, and (c) to give them 
some knowledge of the most significant biological theories and problems 
of common interest. 


SYLLABUSES 


In the middle school and the girls’ school the natural science subjects 
are zoology, botany and the elements of organic chemistry in the first 
three classes, and human physiology in the 4th class. Though the order 
of topics may vary from one school to another, the commonest syllabus 
for the four classes of the middle school and the first four classes of the 
girls’ school is as follows : 

Ist class (6th class of the girls’ school): mammals, simple flowering 
plants, leaves, fruits. 

2nd class (7th class of the girls’ school): birds, reptiles, amphibia, 
fishes ; more complicated flowering plants (e.g., compositae). 

Srd class (8th class of the girls’ school): lower types of animals, 
grasses, plant physiology, organic chemistry. 

ith class (9th class of the girls’ school) : some lower types of animals, 
human physiology ; conifers, ferns, fungi, algae, plant associations, plant 
ecology. 

Mineralogy, geology and astronomy, when taught in the middle 
school, form part of geography. 

In the remaining two classes of the girls’ school (the 10th and 11th) 
natural science consists of biology or an outline of zoology and botany. 

So far as the realklasse is concerned, natural science consists, when 
this class acts as a link with the upper secondary school, of biology covering 
unicellular organisms (especially bacteria), cytology, plant and animal 
tissues, plant and animal reproduction, embryology, genetics, heredity, 
elements of paleontology, and origin of species. When the realklasse is 
connected only with the middle school (as its top class), however, natural 
science may consist of biology as before, or of an outline of botany (system- 
atics, ecology) and of zoology (with special reference to the comparative 
anatomy of vertebrates). 

As regards the senior secondary school, mineralogy and geology 
are taught as parts of geography in the first two classes, and biology and 
human physiology (the syllabus being a little more specialised than that 
of the realklasse) in the top (3rd) class. 


Metruops 

There are official recommendations concerning the methods to be 
used in natural science teaching. 

In the middle school direct observations are strongly recommended ; 
the textbook and its pictures and the oral explanations of the teacher 
should be only a supplement to them, and they should be methodically 
prepared. Studies in school museums and in nature are recommended 
as well as indoor and outdoor experiments, excursions, collection of plants, 
and sketching. 
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In the upper secondary school, recommendations suggest students’ 
collections of material for instruction in biology, cultivation of bacteria, 
use of microscope, dissections of animal organs (heart, eye, etc.), experi- 
ments performed by the students on the pulse rate of persons working 
or resting, spirometer, blood-tests, digestion, reflexes, senses etc., as stated 
in the textbooks, and, once a year, a demonstration hour given by the 
university professor in physiology. 

In most of the middle schools connected only with the primary school, 
where the teaching is given by primary school teachers with no specialized 
education in natural science, the teaching is more formal and tied to the 
textbook. In the middle schools connected with the upper secondary 
school, where the teaching is given by university-trained staff, more 
importance is given to observation and active experimentation. 

Teachers try to carry out the instructions regarding the aims of 
natural science teaching, but this teaching is limited by the syllabus, 
and by the overcrowding of the curriculum due to the multitude of foreign 
languages to be taught. In the schools of the larger cities, it is diflicult 
to obtain a whole day for a class excursion, so that observation and 
experiment are mostly carried out indoors. Most of the school museums 
are good, however, and individual pupils can make observations during 
their holidays. Some schools have school gardens; in Copenhagen the 
schools have access to the school botanical gardens. 

The knowledge acquired in natural science lessons is applied to daily 
life. 

‘Textbooks are used in practically all the schools. In some communes, 
textbooks must be approved. In the government schools the inspector 
may give some advice concerning their use. A great degree of freedom, 
however, prevails in the choice of textbooks if they are in accordance 
with the broad official instructions. 

Besides school museums, excellent wall pictures, aquaria and terraria 
are in use in the middle schools. Every well equipped school museum 
has a lantern slide projector or epidiascope, and many schools use film 
projectors. The films are hired by subscription from the government 
film centre. There are often sets of reference books in the classrooms. 
There are also broadcasting installations, but they are used mostly by 
primary schools in the country. The overcrowding of the curriculum 
prevents the general use of broadcast lessons in the city schools. The 
government film centre has published an annotated catalogue of the 
educational and scientific films available. 

The following equipment is used in the senior secondary school : 
material for anatomic preparations, wall pictures, microscopes, a spizo- 
meter, and apparatus for testing muscle activity and senses, and sometimes 
also a haemometer, apparatus for mneasuring blood pressure, ete. 


TEACHING STAFF 


In the middle schools connected with primary schools, the teachers 
must have graduated from a training college, involving four years of 
studies, including two or three years on natural science. 
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All other teachers must have graduated from a university after six 
or seven years of studies, of which three or four years are devoted to 
natural science (zoology, botany and physiology). The examination in 
natural science is generally combined with the examination in geography 
and geology or, in some cases, with gymnastics. After or before the 
university examination, there is a half year of professional theoretical 
and practical training. Besides university courses in the theory and 
history of education and in school hygiene, candidates have twelve hours 
a week of practical training in the teaching of natural science and geography 
at one of the secondary schools, under the supervision of an experienced 
teacher and of the director of senior secondary schools. 

All the natural science subjects are taught by the same teacher. 

Most of the secondary school teachers in natural science are members 
of one or more specialized associations (Foreningen for Gymnasiets og 
Seminariets Laerere t Naturfag, Natur og Skole, Naturhislorie og Geogra- 
filaererforeningen, Geografforeningen, Naturhistorisk Forening, Botanisk 
Forening, Geologisk Forening, etc.). Many teachers or schools are subserib- 
ers to the magazines Naturhistorisk Tidende, Naturens Verden. 

There are very few interchanges of teachers with foreign countries 
owing to the differences of teaching and curricula. 

Every year in the autumn, a meeting is organised by one of the 
scientific associations with the assistance of the Ministry of Education. 
This meeting is attended by most of the teachers in natural science. There 
are also summer courses organised by the same association. The latest 
results of scientific investigations are discussed both at the meetings 
and at the courses. 
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DOMINICAN REPUBLIC 


From the reply sent by the Secretariat of Education and Fine Arts 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in the Dominican Republic in all classes 
of general secondary education, under the designations of botany and 
zoology with application to agriculture, of anatomy, physiology and 
hygiene, of human anatomy and physiology, and of biology. 

Natural science subjects are compulsory in the first three classes 
of general secondary education. In and after the 4th class they are taught 
only in the physical and natural science section, and are compulsory 
only for those pupils taking the baccalaureate in natural science. 


AIMS 


The aims of natural science teaching are given in the new secondary 
curricula as being to give pupils habits of observation and experiment 
arousing their interest in systematic research into problems concerning 
living things, to give pupils knowledge of the essentials of science with 
a view to their better use in life, and to prepare pupils for scientific study 
at university level. 

The teaching of human anatomy and physiology should give pupils 
an idea of the psycho-somatic relationships that will help them to under- 
stand the behaviour of the individual in society. In biology, the aptitude 
for observation should be so developed that pupils gain a steadily widening 
knowledge of living things and the environment, and a habit of putting 
questions to nature by means of methodical experimentation. Pupils 
should also learn to give an objective account of the results of their experi- 
ments. Laboratory work stimulates constant thoughtful awareness in 
pupils, and maintains the enthusiasm which both enlivens action and 
reveals its true worth. 


SYLLABUSES 


The main points in the natural science syllabuses are as follows: 


Botany and zoology with application to agriculture: the cell, cellular 
life ; comparative study of algae and mushrooms; short description of 
bacteria ; means of locomotion of protozoa ; plant organs ; various classes 
of plants; main families of dicotyledons; soil, work preparatory to 
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sowing ; general characteristics of sponges, sea-urchins, intestinal worms, 
arthropods, vertebrates, batrachians and birds; main food plants used 
in Costa Hica. 


Anatomy, physiology and hygiene: concept of biology; the cell, 
cellular life ; structure of the human body ; the skeleton ; muscular system ; 
nervous system ; sense organs ; anatomy of digestive system ; nutrition ; 
anatomy of respiratory system ; anatomy of circulatory system ; secretion 
and excretion ; reproduction ; microbes. 


Human anatomy and physiology: concept of anatomy; cytology ; 
ovum and spermatozoon; histology; the skeleton; nervous system ; 
sense organs ; the eye and sight ; digestive system ; general metabolism ; 
circulatory system ; respiratory system ; glandular system ; hypophysis ; 
mammary glands; kidneys; reproductive organs and functions. 


Biology : definition and concept of biology ; cell morphology ; histology; 
plant organs; bio-dynamics; photosynthesis; cellular reproduction ; 
plant physiology; assimilation, respiration, plant warmth, secretion, 
dis-assimilation, excretion; ontogeny; asexual reproduction; fecunda- 
tion; length of life; animal heredity; phylogeny; plant ecology ; bio- 
geography. 


Meruops 


Recommendations on the methods of natural science teaching are 
given in the new curricula, and may be summarised as follows : 


Botany and zoology: (a) numerous exercises to be given in observation 
and experiment ; (b) botanical and zoological specimens to be collected ; 
(c) diagrams of plants and animals to be drawn ; (d) biographies of scientists 
to be given ; (e) topics concerning plant organs to be developed. 


Anatomy, physiology and hygiene: (a) preference to be given to 
diagrams, drawings and graphs rather than to long descriptions ; (b) more 
stress to be laid on knowledge of functioning than of structure ; (c) the 
balanced use of physical exercise to be recommended ; (d) emphasis to 
be laid on the necessity of a varied and frugal diet ; (e) alcohol and intoxi- 
‘ants in general to be condemned ; (f) personal uncleanliness, superstition 
and quackery to be condemned ; (g) pupils to be given the idea that 
every person is a fighter in the sanitation campaign, and that they should 
give steady support to the public authorities working in this field. 


Human anatomy and physiology: (a) all explanations in anatomy to 
be made with the aid of suitable teaching materials (anatomical specimens, 
wall charts, etc.); (b) visual memory to be developed; (c) dissection 
to be employed as often as possible ; (d) discussion among pupils of phy- 
siology questions to be encouraged. 


Biology: (a) laboratory experiments to be done ; (b) diagrammatic 
material to be used when real specimens are not available ; (c) discussions 
to be aroused and directed among pupils on current biological problems. 
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There is a list of recommended textbooks. It indicates which books 
are likely to be of use to the teacher, and which are more suitable as 
textbooks for the pupils. 


TEACHING STAFF 


Natural science teachers in secondary schools possess the secondary 
teacher’s diploma or the baccalaureate in physical and natural science. 

Natural science in such schools is also taught occasionally by persons 
holding a doctorate in medicine, pharmacy or chemistry. 

A plan exists to train natural science teachers in the physical and 
natural science section of the national university. The course would be 
a two-year one, with specialisation in the teaching and methods of natural 
science subjects. 
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ECUADOR 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science subjects are taught in Ecuador in all classes of the 
secondary schools except the Ist, for three periods a week. Botany is 
given in the 2nd class, zoology in the 3rd, anatomy, physiology and hygiene 
in the 4th, and biology in the 5th and 6th. 

These subjects are compulsory ones. In the 6th class, pupils may 
choose between literature, mathematics and biology. 

In examinations the same importance is attached to natural science 
subjects as to other subjects. 


AIMS 


So far as botany and zoology are concerned, teaching aims at giving 
pupils a knowledge of the flora and fauna of Ecuador, and at developing 
their aptitude for observation and research and their love of nature. 

The teaching of anatomy, physiology and hygiene aims at giving a 
general knowledge of the structure, functions and protection of the human 
body. 

Biology teaching bears on the natural laws governing living things, 
and on plant and animal physiology, heredity, and the distribution of 
the national plants and animals. 


SYLLABUSES 


The main points in the natural science syllabuses are as follows : 
Botany: plant organs ; monographs of plants in each family. 


Zoology: morphology and physiology of representative animals in 
‘rach family ; protozoa and metazoa. 

Anatomy, physiology and hygiene; elementary structure and functions 
of bones, articulations and muscles; digestive, circulatory, respiratory, 
glandular and reproductive systems; nervous system; sense organs. 


Biology: cytology and histology; plant and animal physiology ; 
heredity ; distribution of national plants and animals. 
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MerHoDsS 


No particular methods of teaching natural science are prescribed. 
The matter is one left to the teacher's initiative, except that he is not 
allowed to dictate the course. The use of a textbook is encouraged. 

Theoretical teaching comes first in order of importance, then observa- 
tion, and finally active experiment by the pupils. 

Most of the experiments are done in class. Observation of nature, 
school walks and excursions, handwork and drawing are made use of 
to a certain extent. 

Applications to everyday life are not often made. Insuflicient atten- 
tion is given to conservation and food problems. 

National botany and anatomy textbooks are being prepared for the 
coming year. 

Very few auxiliary aids are available for natural science teaching. 
There are few libraries, microscopes are rare, and the collections are 
incomplete. 


TEACHING STAFF 


One university faculty has a training course in education and science 
for specialist secondary teachers. A number of teachers, however, lack 
the necessary scientific and professional training. The medical doctors 
teaching natural science subjects have the required scientific training, 
but not the professional training. 

As a rule the same teacher takes three or four of the natural science 
subjects. Only rarely is a teacher responsible for only one such subject. 

Short training courses have been organised for in-service botany 
teachers. 


MISCELLANEOUS 


A general revision is now being carried out of natural science syllabuses. 
Some of the secondary schools are endeavouring to reform methods and 
to raise the standard of their natural science teaching. 
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EGYPT 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


In Egypt, some elementary natural science is included in the general 
science course given in the first two classes of boys’ and girls’ secondary 
schools, of boys’ intermediate schools (commercial, agricultural, technical), 
and of girls’ technical secondary schools. 

The boys’ and girls’ secondary schools have a five-year programme. 
At the end of the 4th class, pupils sit for the general section certificate 
examination. The 5th class is one of orientation, and pupils are required 
to choose according to their aptitude one of the following sections : 
(a) arts, (b) sciences, (c) mathematics. 

Natural science proper begins only in the 4th class (pupils of 15 years 
of age), where it is taught under the name of biology (** science of life ’’), 
for three periods a week. In the 5th class, botany and zoology are taught 
in the science section, for five periods a week. 

In the boys’ and girls’ elementary training colleges, natural science 
is taught, under the name of natural history, in the 3rd (pupils of 
about 13 years of age), 4th and 5th classes, for two periods a week in 
-ach class. 

Natural science teaching is compulsory in the schools and classes 
mentioned above. It is optional in the mathematics section of the 5th 
class. Two periods a week are devoted to the subject. 

The same importance is attached to natural science as to other subjects 
(languages excepted) in the examinations of the secondary school 4th class, 
and in the elementary training college promotion examinations. More 
importance is attached to natural science in the school leaving examination 
for the science section of the 5th class, the subject then ranking level 
with other subjects, languages included. 


AIMS 


The aim of natural science teaching is to contribute to pupils’ general 
education through observation and the study of natural phenomena. 
The subject is expected to arouse pupils’ interest in the living things ip 
their environment, to develop their ability to observe, and to lead them 
to seek explanations and causes. In the science section of the 5th class, 
it also aims at preparing pupils for university studies. 
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SYLLABUSES 


The main points in the natural science syllabus for the secondary 
school 4th class are as follows : 

Botany: (1) external morphology of angiosperms ; root, stem and 
leaf, their functions and forms; (2) anatomy: structure of stem and 
young root of a dicotyledon, structure of leaf; (3) plant physiology : 
absorption, transpiration, chlorophyl assimilation, respiration ; (4) flower 
of angiosperms, structure and function; (5) pollination, fecundation, 
maturation of seed and fruit ; (6) germination of seed. 

Zoology : Characteristics of living things : (1) human digestive system ; 
alimentary canal and glands ; digestion, absorption ; utilisation of nutritive 
elements by the organism ; (2) human circulatory system ; (3) respiratory 
system; (4) excretion: kidneys, sweat glands; (5) nervous system: 
cerebro-spinal centres; eye and sight, ear and hearing; (6) skeleton: 
spine, lower and upper members, articulations, muscles, Practical work : 
dissection of rabbit. 

The natural science syllabus for the science section of the secondary 
school 5th class, covers the following : 

Botany: (1) the plant cell, plant tissues ; (2) anatomy: structure of 
stem and root of monocotyledon and dicotyledon ; thickening ; structure 
of leaf ; (3) the flower (more detailed study than in 4th class); (4) plant 
reproduction ; (5) plant physiology : absorption, transpiration, chlorophyl 
assimilation and respiration (more detailed study than in 4th class) ; 
(6) systematic botany: study of six families. 

Zoology : study of different families of animals : (1) protozoa : amoeba, 
sporozoa ; (2) coelenterates : fresh water hydra ; (3) flatworms : trematodes, 
cestodes, structure and evolution ; (4) roundworms : ascarids, hookworms ; 
(5) annelids : earthworms ; (6) arthropods : insects, arachnids ; (7) verte- 
brates : general characteristics, fishes, batrachians, birds, mammals, 
classification. 


Meruops 


Oflicial recommendations exist concerning the methods of teaching 
natural science in secondary establishments. ‘The use of the scientific 
and experimental method is recommended. Purely theoretical and abstract 
study is reduced to a minimum, and every endeavour is made to place 
before the pupils the plant or animal forming the subject of the lesson, 
use being made when necessary of, models, charts or lantern slides. 

In principle teaching is based on observation and experiment. Theory 
is introduced last. Observation and experiment are made through (a) 
experiments and laboratory work done under the supervision of the 
teacher, (b) experiments and demonstrations done by the teacher with 
the cooperation of the pupils, (c) visits to museums, botanical and zoo- 
logical gardens, ete., (d) use of the natural science museum to be found in 
most schools, and (e) of the school gardens in certain schools, run by the 
pupils under the teacher's supervision. 
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The natural science programme includes the practical applications 
of the knowledge acquired. Special attention is given to whatever concerns 
hygiene, nutrition, and certain disease carriers and the means of combatting 
them, and also to the economic significance of plants and animals. 

Certain textbooks are prescribed for use in secondary schools. 

For the illustration and completion of natural science teaching, the 
secondary schools dispose of the following auxiliary aids: (a) living or 
preserved specimens, (b) models, pictures and charts, (c) projectors and 
educational films, (d) laboratories equipped with microscopes and the 
apparatus necessary for experiments and practical work, (e) school libraries 
containing modern scientific books in different languages. 


TEACHING STAFF 


Teachers are recruited among graduates of the faculties of science 
and agriculture, who have taken a one or two-year specialist course at 
the university institute of education. At the present time, however, 
in view of the enormous expansion of secondary education and the shortage 
of diploma-hoiders from this institute, a degree in science or agriculture 
is deemed sufficient. 

The various natural science subjects are taught by the same teacher. 

Further training of teachers is ensured in the following ways: (a) in 
each school there is a senior science master who arranges meetings of 
the science masters to give them instructions and to discuss with them 
the methods to be used in teaching the various items in the syllabus ; 


(b) the school inspectors also give instructions, and offer advice; (c) 
special summer vacation courses are arranged ; (d) refresher courses are 
organised by the institute of education ; (e) the natural science teachers’ 
association arranges meetings, lectures, excursions and film shows. 


MISCELLANEOUS 


Natural science teaching may be modified, when the new secondary 
education act is applied. 
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From the reply sent by the Ministry of Education and Fine Arts 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Ethiopia in the first two of the four years 
of the secondary school course. The pupils average from 13 to 15 years 
of age. The subject is a compulsory one. Four hours a week are devoted 
to theoretical teaching and one hour to laboratory experiments. Natural 
science is given the same attention as other subjects. 


AIMS 


The aim of natural science teaching is to bring pupils into contact 
with their natural environment, and to give them the necessary scientific 


basis for subsequent specialisation. 


SYLLABUSES 


The natural science syllabus covers botany and elementary zoology. 
The textbooks in use are those published in England under the heading 
of general science. 


Meruops 


Formal teaching is completed once a week with laboratory experi- 
ments. 

Each school has been provided by the Ministry with complete scientific 
equipment making concrete teaching in all fields of natural science possible : 
charts, specimens, microscopes and slides, botany and anatomy models, 
and films, filmstrips and lantern slides. The school libraries are amply 
furnished with books concerning natural science. 

In several schools teachers have started collections and activities 
connected with the environment : collections of the country’s plants and 
different kinds of wood, small botanical gardens cared for by the pupils, ete. 

Each year a visit is organised to the annual industries exhibition in 
Addis Ababa. On the same occasion pupils visit the natural science 
museum. 
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‘TEACHING STAFF 


Natural science teachers in Ethiopian secondary schools all have 
the degree of Bachelor of Science. 


MISCELLANEOUS 


A modern system of education is now being developed in Ethiopia. 
Several new secondary schools have been opened since 1945. 

So far as natural science is concerned, the government has given 
special attention to securing for the various secondary schools the scientific 
equipment necessary for concrete teaching. It has also encouraged teachers 
so to modify their teaching that pupils may come in closer contact with 
the country’s characteristics. 

Scientific publications are not at present available in great numbers. 
The professors of the University College of Addis Ababa, however, have 
several works in preparation. In the near future some scientific publica- 
tions will be issued regularly on natural science and physics. 
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FINLAND 


‘rom the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Finnish secondary schools, which comprise 
an intermediate school (with generally a five-year course for boys and a 
six-year one for girls, and pupils from 10 to 16 years of age) and a college 
(with generally a three-year course and pupils from 16 to 19 years of age). 

Natural history (i.e., botany and zoology) and geography form one 
subject. Six periods a week are devoted to this subject in the Ist class, 
three in the 2nd, four in the 3rd, 4th and 5th, and two in the 6th, 7th and 
8th. 

The combined subject is compulsory at the intermediate school, 
and optional at the college, where pupils may choose psychology and 
philosophy instead. 

Marks obtained for the combined subject count quite as much in 
promotion and the school-leaving examination, as do those obtained 
for other academic subjects. 


AIMS 


The general aim of natural science teaching is to arouse pupils’ love 
for living nature and their interest in the observation of natural phenomena, 
and to develop their power of observation to the utmost. 

The aim in the upper classes is to give a broad survey of living phe- 
nomena and of evolution, and to introduce pupils to modern methods 
of research in natural science. It is, in other words, to develop pupils’ 
reasoning powers in relation to natural science problems. 


SYLLABUSES 


Natural history in the first five classes consists of botany and zoology 
(in addition to geography, which forms part of the sare subject). 

The botany syllabus is as follows. 1st and 2nd classes : some typical 
plants, elementary morphology, exercises in descriptive botany. 3rd 
class : some plant families, elementary classification of grasses and sedges. 
Ath class : other phanerogams and pteridophytes ; 5th class : cryptogams, 
plant dissection and physiology. 

The zoology syllabus is as follows. Ist class: brief study of the 
human body, some typical animals, some mammals. 2nd class : mammals 
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and birds. 3rd class: birds (cont.). 4th class: lower vertebrates. 5th 
class: invertebrates, more advanced study of human bodily structure 
and processes, introduction to collecting (insects). 

In and after the 6th class, natural history comprises general biology. 

The syllabus is then as follows. 6th class : characteristics of organ- 
isms, cells, cellular tissues, reproduction and ontogeny; summary of 
morphology and physiology. 7th class: courses on the theory of here- 
dity, plant and animal breeding, and eugenics; origin and evolution of 
life. 8th class: animal and plant ecology, history of biology. 


Meruops 


The combined subject of natural history and geography should 
induce pupils to observe and actively experiment for themselves. Teaching 
therefore begins with facts known to the pupils, and then gradually passes 
on to abstract and theoretical questions. A constant endeavour is made 
to preserve an inductive approach, and to lead the pupils to reason and 
draw conclusions for themselves. 

specially at the stage of the intermediate school, walks are made 
under the supervision of a teacher to study local biology and geography. 
On these walks and, on their own initiative, during the summer holidays, 
the pupils collect specimens for their collections. Intermediate school 
pupils are each required to dry, examine and identify a minimum of one 
hundred and twenty plants. Several schools possess their own botanical 
garden or share one with other schools. Many pupils collect insects, rock 
specimens, fruits, ete. During lessons use is made of whatever encourages 
direct observation: fresh or dried plants, stuffed birds and mammals, 
preserved animals, charts, episcopes and epidiascopes, maps, drawings 
on the blackboard, etc. Especially in connection with physiology, teacher 
and pupils often do experimenis together to illustrate points of theory. 

It is stressed that naturai science teaching should always establish 
a close connection between ideas and their applications to the varying 
needs of everyday life in agriculture, animal husbandry, forestry, hygiene, 
nutrition, clothing, ete. Attention is also paid to conservation of natural 
resources, 

Use is made of textbooks written by private individuals. Such 
textbooks must be submitted for approval by the school authorities 
before being used in class. 

To complement the teaching, visits are made to the zoological museum, 
the biological museum, the botanical garden, the university greenhouses, 
etc. Schools generally have a lending library for pupils. 


TEACHING STAFF 


Secondary teachers of natural science are required to have obtained 
their bachelor’s degree, after approximately five years of university study, 
in botany, zoology and geography, with the mention laudator or cum 
laude approbatur, to have passed a_ professional examination, also at 
university level, and to have taught for one year on probation in a grammar 
school. 
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Botany, zoology and geography are generally taught by the same 
teacher. 

The association of natural history and geography teachers annually 
organise meetings with scientific and educational lectures. ‘Teachers are 
thus kept informed of all recent advances in science and of the latest 
methods. The association also arranges summer refresher courses, whose 
programme includes ornithological, botanical and entomological excur- 
sions, and courses on forestry and gardening, heredity, mineralogy, ete. 
Furthermore, it organises trips abroad in special coaches. Such trips 
cover not only northern Europe, but central and southern Europe as 
well. The government makes the association a grant for its work. 


MISCELLANEOUS 


Hopes are entertained that it will shortly prove possible to make 
greater use of educational films and filmstrips in natural history and 
geography teaching than has hitherto been the case. The re-organisation 
of natural science teaching is envisaged, with a view to its more adequate 
adaptation to the demands of everyday life. 
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FRANCE 


From the reply sent by the Centre national de Documentation pédagogique of the Man‘stry of 
National Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is compulsory in France in all sections of the first 
stage of secondary education (the classical and modern sections, the 
““new classes’’, the short modern course). 

At the second stage of secondary education, natural science is taken 
only in the last year (philosophy, mathematics and experimental science 
classes). In the 2nd and Ist classes, which come before these top classes, 
natural science is replaced by physical science. 

Secondary education in France begins with the 6th class, to which 
in principle children are admitted in the October of any given year who 
will be between 11 and 12 years of age by the end of the year. In practice 
numerous exceptions are made to the age regulation. 

In schools working on so-called traditional lines, one and a half 
hours a week are devoted to natural science in the 6th, 5th and 4th classes 
(classical and modern sections) and one in the 3rd (classical section). 

At the second stage of secondary education, two hours a week are 
devoted to (compulsory) natural science in the philosophy and mathematics 
classes and four in the experimental science class. 

In the short modern course, one and a half hours a week are devoted 
to natural science in the 4th class and one in the 3rd. 

In the “new classes’’, one and a half hours a week are devoted to 
natural science in the 6th and 5th classes, and one and a half hours 
(compulsory) and one hour (optional) in the 4th and 3rd classes. 

Promotion examinations cover French, classical or modern languages 
and mathematics, but not natural science. 

Natural science may be taken as an option in the secondary (first 
stage) certificate examination. As for all other subjects, the mark given 
for this option is from 0 to 20, with a coeflicient of 2. 

Natural science appears in the second part of the baccalaureate. 
The mark given for it has a coeflicient of 1 in the philosophy and mathe- 
matics sections, and of 2 in the experimental science section. 


AIMS 


The general aim of secondary education in France is given in official 
instructions. So far as natural science teaching in the 6th classes is con- 
cerned, instructions dated 30th September, 1938 contain the following : 
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** Natural science teaching in these classes should have a double 
aim. It is first a question, of course, of acquainting the pupils with the 
most typical examples of the animal and plant kingdoms through the 
objective use of short monographs. The latter will be based on concrete 
characteristics open to personal observation : external structure, skeleton... 
The second and still more important aim is to teach pupils the technique 
of sound observation. They should get it from a sense of accuracy and 
a training in judgment enabling them to make comparisons and draw 
conclusions : progressive classification has no other role than this”. 


SYLLABUSES 
The natural science syllabuses (first stage) are as follows : 


Gth class. Use of the balance ; determination of weight ; application 
to the determination of length, area and capacity ; observation of the 
physical states of matter and their changes ; determination of geographical 
meridian by means of pole star, sun and compass ; monographs of common 
vertebrates, and general classification of same; monographs of common 
flowering plants. 


5th class. Zoology: monographs of some typical invertebrates in 
the main groups, and their progressive classification ; general survey of 
the animal kingdom. Botany : monographs of the pine and some species 


in the main groups of flowerless plants, and their progressive classification ; 
general survey of the plant kingdom. 


4th class. Monographs of the common rocks in the main groups ; 
present-day geological phenomena; summary of geological ages. 


3rd class. Elementary human anatomy and physiology and personal 
hygiene ; hygiene of the various systems studied in connection with the 
physiology of each; elementary microbiology; contagious illnesses, 
serums and vaccines ; foods, required quantities, quantity and quality ; 
harmful foods ; drinking water ; alcoholism ; elementary child care (girls). 


The natural science syllabuses (second stage) are as follows : 


Philosophy and mathematics classes. Animal anatomy and physiology : 
introduction ; nerve-muscle system: skeleton, muscles, nervous system, 
sympathetic and para-sympathetic systems, sense organs; nutritive 
processes : digestion, absorption, circulation, lymph, respiration, excretion, 
animal warmth. Plant anatomy’ and physiology : introduction ; nutritive 
processes of phanerogams ; reproductive processes. 


Experimental science classes. Elementary animal and plant anatomy 
and physiology approximately as for philosuphy and mathematics classes ; 
elementary microbiology and immunisation; general characteristics 
(comparison of animal and plant cells, heredity) and evolution of living 
things. 
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METHODS 


Ministerial instructions on methods mainly concern secondary educa- 
tion in general. They state that education at this level is a matter of 
intellectual training, and can be conducted only on the basis ot activity 
methods. 

As regards natural science, the 1938 instructions require the teacher 
to begin with experiences accessible to a child, and to proceed on inductive 
lines, and to this they add: ** When it is a question of introducing him 
to natural science classification and biological and geological problems, 
this can be done by putting before him, and making him observe, the 
objects of these sciences. He will be shown animals, plants, minerals, and 
he will have to notice and express the resemblances and differences : he 
will be made to observe with the microscope the structure of a cell or 
the movement of microbes; a film, at a slow or accelerated tempo, 
will reveal to him the component parts of a movement or the totality 
of a growth or an evolution; on a well prepared and conducted excur- 
sion, he will observe, in the stratified rock of a quarry or a cutting, 
the traces of the movements of the earth’s crust which have shaped 
its surface. ’ 

One hour a fortnight must be entirely devoted to practical work in 
natural science, in the 6th, 5th and 4th classes, eight two-and-a-half-hour 
or eleven one-and-a-half-hour sessions a year in the philosophy and 
mathematics classes, and twelve two-hour or sixteen one-and-a-half-hour 
sessions in the experimental science classes. The hours in the weekly 
time-table include practical work. 

During the study of any given question in the natural science pro- 
gramme, teachers will not fail to draw their pupils’ attention to any 
practical interest it may possess. 

In secondary establishments, the choice and use of textbooks are 
matters at the entire discretion of the teacher. 

A list of natural science equipment for secondary establishments is 
published by the Centre national de Documentation pédagogique. It is not 
of a compulsory nature, for the simple reason that it can be used only 
if due account is taken of, in particular, local resources and geographical 
position. It gives the items under the headings of basic equipment and 
accessories. 

The basic equipment consists of wall charts, anatomical specimens, 
stuffed animals, collections of invertebrates, rocks and _ fossils, maps 
and relief models, measuring and recording apparatus, dissecting instru- 
ments, hand lenses, microscopes and microscope slides, projectors, collec- 
tion materials, glassware and chemicals. 

The Centre national de Documentation pédagogique also lends schools 
filmstrips on, among other things, geology, anatomy-physiology, zoology, 
botany and hygiene. Furthermore, it publishes a list of films passed as 
instructional and educational films by the Ministry of National Education, 
some of which are suitable for illustrating natural science teaching in 
secondary establishments. 





FRANCE 


TEACHING STAFF 


Natural science teachers in secondary establishments in France 
should in principle be in possession of the licence for natural science Leaching 
and the secondary teaching certificate, or be agrégés in natural science. 

The licence for natural science teaching is granted to the holders of 
certificats d'études supérieures in general zoology or physiology, botany 
or geology, or general physics or chemistry. For admission to the examina- 
tion for one of these certificates, candidates must have already passed 
their baccalaureate and be in possession of one of the following certificats 
d'études supérieures (or its equivalent): general mathematics or mathe- 
matics, physics and chemistry, or physics, chemistry and natural science. 
The secondary teaching certificate is awarded on the results of a competitive 
examination covering the subjects taken in the secondary classes of the 
lycées. The examination syllabuses of the secondary teaching certilicate 
in natural science and that in physical sciences are the same. 

Candidates must have taught on probation for at least a year in a 
lycée or a collége. Passes are awarded competitively. Candidates are 
required to satisfy certain probation stipulations, and to be in possession 
of one of the certificates listed above, and of a dipléme d'études supérieures 
in natural science. 

All the natural science subjects appearing in the secondary curriculum 
are taught by the same teacher. 

Further training may be obtained through the courses organised by 
the educational centre at Sévres and intended more especially for teachers 


of the “ new classes "’, and through the numerous journals for teachers 
in general, secondary teachers, and specialist teachers (notably natural 
science teachers). 
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GERMAN FEDERAL REPUBLIC 


From the reply sent by the Standing Conference of Ministers of Education 


INTRODUCTORY 


As in other countries with a federal constitution, education in the 
German Federal Republic is not organised from the centre, and each of 
the federated states has its own educational system. The regulations on 
natural science teaching may thus vary from one state to another. Certain 
common guiding principles nevertheless underlie these regulations, and 
these are given below, together with concrete examples. 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science in the German Federal Republic is taught in all 
sections of the Héheren Schulen (secondary high schools) and the Mittel- 
schulen (modern secondary schools). In the Volkschulen (primary schools) 
it is taught compulsorily (usually for 2 hours a week) from the 5th year 
onwards, up to the end of compulsory education in the 8th or 9th year. 

The branches taught are zoology, botany, physiology and anatomy, 
under the name of Naturkunde (natural history), biology or, sometimes, 
Lebenskunde (knowledge of life). 

Naturkunde or biology is taught in the six classes of the Miltelschulen 
(pupils from 11 to 16 years of age), generally for 2 periods a week. 

Biology is taught in the nine classes of the scientific sections of the 
Hioheren Schulen (pupils from 11 to 19 years of age), generally for 2 periods 
a week, It is also generally taught in the classical and modern-Latin 
sections of these schools, but with a smaller time allocation. 

In a few states, biology may be discontinued in some classes (usually 
the 8th, the pupils being 14 years of age) of the Mittelschulen, or of the 
Hoheren Schulen, in order to devote more time to other subjects. 

Geology and mineralogy are never taught as separate subjects. In 
the Millel- and Héheren Schulen, they form part of chemistry, biology and 
geography, and their content is distributed over several years, more espe- 
cially the last five years of secondary education. Geography is taught 
in all schools from the 5th onwards, and chemistry usually from the 9th 
or 10th year onwards, 

Natural science is a compulsory subject in all schools. In addition, 
in the upper secondary classes, it is also dealt with in optional study 
groups held for 2 periods a week. These groups discuss problems of special 
interest to the pupils ; they replace other courses in the languages section, 
and are in addition to the ordinary programme in the scientific section. 
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As a general rule, the same importance is attached to natural science 
as to other subjects in the curriculum. In promotion and school leaving 
examinations biology has a slightly lower maximum mark than languages, 
mathematics and physics, but ranks as a main subject in the scientific 
section. 


AIMS 


The aims of natural science teaching vary somewhat from one state 
to another, but the following appear in some form or another in all the 
curricula : 

(a) Sound knowledge of the facts, elementary classification, know- 
ledge and comprehension of natural laws, introduction to methods of 
scientific research ; 

(b) formal, intellectual training (development of inventiveness, 
imagination, abstraction, logical reasoning, observation and clear expo- 
sition) ; 

(c) character training (learning habits of careful, independent, 
exact, patient and conscientious work, and of intellectual honesty) ; 

(d) moral, religious and aesthetic education (respect for nature, 
man, and God, and a perception of the limits of science and the beauty 
of organic and inorganic nature and the world of form) ; 


(e) knowledge of the contribution of natural science to life, knowledge 
and philosophy ; and 

(f) knowledge of the part natural science plays in the everyday life 
of the individual and of the community, and in industry and technology. 

The following are the aims of biology teaching, as given in the curri- 
cula of North Rhine-Westphalia for the //déheren Schulen : 

(a) Biology is concerned with living nature. It reveals the variety 
and beauty of life, and the relationships between structure and function, 
and between living creatures and their environment. 

(b) Its primary aim is not knowledge of plants, animals and man, but 
the development of understanding of life, an introduction to the laws 
governing life, and, above all, the fostering of an attitude of respect in 
the presence of the mystery of life, particularly that of the human body. 

(c) It has also the practical objective of imparting the basic knowledge 
necessary for a study of agriculture, forestry, animal husbandry, food 
processing, heredity, public hygiene, nature protection, and the conser- 
vation of natural resources. 

(d) Its method of work develops observation and objectivity. It 
fosters love of truth and awakens the aesthetic sense. It leads, especially 
in the upper classes, to discussion of the main problems of life. 

The following are the aims of biology teaching as given in the curricula 
of the same state for the Mittelschulen : 

(a) Knowledge and understanding of the structure and phenomena 
of plants, animals and man, and of the relationships of living things among 
themselves and with man. Knowledge of the main divisions of the animal 
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and plant kingdoms, and of the principal minerals. Development of 
appreciation of the value of nature for the national economy, of interest 
in observing and reading (with a view to specialising later), and of the 
capacity to contemplate and listen to natural things with understanding, 
and to love them. 


SYLLABUSES 


Natural science syllabuses in the German Federal Republic vary 
considerably from one state to another, and according to type of school, 
in regard to the distribution of subject matter, presentation, and choice 
of topics. So far as biology is concerned, there are variations as between 
boys’ and girls’ schools. In the Frauenoberschulen (girls’ high schools) 
and the domestic science sections, special attention is given to hygiene, 
child care, first aid and home nursing, gardening, ete. 

The following example of a biology syllabus is taken from the pro- 
gramme of the I/éheren Schulen in Bavaria : 

Ist class (pupils of 11 years old). Elementary structure, function and 
hygiene of the human body. Principal mammals. Common angiosperms 
with simple flowers. Basic principles of structure and physiology. Pro- 
tection of animals and plants. 

2nd class (pupils of 12 years old). Birds, reptiles, batrachians and 
fishes. Angiosperms with more complex flowers. Plant and animal 
families. 

3rd class (pupils of 13 years old). Arthropods. Deciduous trees. 
Compound and umbelliferous plants. Grasses. Meadows and fields as 
biological communities. Biologically significant forms such as insectivorous 
and parasitic plants, etc. Seasonal changes in garden and field. General 
study of angiosperms. Protected plants and animals, and national parks. 

4th class (pupils of 14 years old). Invertebrates: worms (parasitites 
in particular); echinoderms ; molluscs. Gymnosperms, ferns and mosses. 
Biological communities: pine forests, heaths, and marshes. Formation, 
destruction and protection of landscape. 

5th class (pupils of 15 years old). Mushrooms, algae, lichens. Unicellu- 
lar plants and animals. Bacteria, viruses. General survey of plant and 
animal kingdoms; development of these kingdoms through the various 
periods of earth history. Plant anatomy and physiology. Study of an 
appropriate biological community (stagnant or running water, soil). 
Formation of landscape. 

6th class (pupils of 16 years old). Detailed study of human anatomy 
and physiology, and hygiene. 

7th class (pupils of 17 years old). Theory of cells and tissues. Develop- 
ment from unicellular to multicellular organisms. Selected main organic 
systems of plants and animals (metabolic organs excepted). Selected 
topics from animal psychology. Plant and animal reproduction. Sexual 
hygiene. 

8th class (pupils of 18 years old). Dependence of plants and animals 
on their environment, and on each other. Analogous life modes (sex, 
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defence of young, families, tribes, nations). Divers customs (competition 
for food and shelter, mimicry, symbiosis and parasitism). 


9th class (pupils of 19 vears old). Laws of heredity. Plant and animal 
husbandry. Eugenics. Origin and heredity of man. Metabolism in relation 
to organic chemistry. Preblems of biology. 


The following example of mineralogy and geology, as taught in the 
framework of geography, is taken from the programme for the 5th, 6th 
and 7th classes (pupils from 15 to 17 years old) of the Héheren Schulen in 
Wurttemberg-Hohenzollern : 


After a short introduction to the geology of the locality and of south- 
west Germany, and to the use of geological maps, a regional study of 
Germany should be made, closely articulated with work on geological and 
cultural evolution. The earth’s centre, crust, formation of minerals ; 
internal and external forces ; short historical account of the development 
of the earth’s crust, with special reference to south-west Germany. 


. 


Meruops 


Official instructions and curricula invariably contain suggestions on 
methods of teaching natural science. The subject is expected to make use 
of activity and inductive methods. It should be based at all levels on the 
pupils’ own activity, and as far as possible proceed from direct experience 


to knowledge. Special emphasis should therefore be laid on experimenta- 
tion, and as far as possible lessons should be given outside the classroom. 
The use is recommended of school gardens, vivaria, exhibitions, excur- 
sions and journeys, visits to farms, and collections. Pupils should be 
required to keep notebooks. 

Formal teaching, observation, and experiments (conducted sometimes 
by the teacher, sometimes by the pupils themselves) go hand-in-hand. The 
basis of instruction, however, is observation and experimentation by the 
pupils themselves, particularly in the lower and middle classes of the 
Hoheren Schulen and in the Mittelschulen. Formal teaching becomes more 
important in the top classes of the Hoheren Schulen, but observation and 
experimentation are nevertheless encouraged as far as time and available 
equipment permit. In some cases teachers are free to decide themselves as 
to what part formal teaching, observation and experimentation shall 
ach play. 

All the curricula contain recommendations concerning the practical 
application of what is taught. A special endeavour is made to awaken 
interest in questions of hygiene, clothing, healthy living, and protection 
of nature, and in cultural and social problems. 

Natural science textbooks are controlled by the various Ministries 
of Education, and schools may make their choice from an approved list. 
In some cases, textbooks are replaced by the use of notebooks. Use is 
made of apparatus and auxiliary materials, wherever available; many 
schools lost some or all of their collections and equipment during the war. 
Efforts are everywhere being made to replace these losses. 
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TEACHING STAFF 


Natural science teachers in the Héheren Schulen are required to have 
passed the examination for teaching in such schools in natural science, 
after not less than four years at a university or polytechnic, and to 
complete such theoretical studies with one or two years’ professional 
training leading up to a professional examination. Many of these teachers 
have obtained their doctorate. 

Not many natural science teachers in the Miffelschulen have had 
university training. They are mostly capable, qualified primary teachers 
who have passed an examination for teaching in such schools in appropriate 
subjects. 

All teachers at the Hoéheren Schulen are qualified to teach two or 
even three allied subjects. Those who take biology, for example, can often 
take chemistry or geography, or both, as well. Wherever possible, natural 
science teachers are made responsible for two or more natural science 
subjects. 

In the Mittelschulen, ail the natural science subjects are as a rule 
taken by the same teacher, so that the instruction may be suitably coordi- 
nated. 

The education authorities encourage further training by organising 
special weekend or seven-day courses, etc. Otherwise, further training 
is a matter for the initiative of the individual teacher. Valuable work is 
done in this connection by a number of specialist associations, by means 
of their published reports on research and the organisation of excursions 
and courses. 

In former years, practically all teachers bought new books on their 
subject, made visits to research laboratories, and took part in conferences, 
excursions and journeys. At the present time, many of them lack the 
money or the time for such activities, and the education authorities are 
not in a position to give them much financial assistance. 
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GREECE 


From the reply sent by the Ministry of National Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught compulsorily in Greece in the grammar 
Schools and schools of commerce. 

Three periods a week are devoted to it in the first four of the six 
grammar school classes. Mineralogy is taught in the Ist class, botany 
in the 2nd, zoology in the 3rd, and anthropology and biology in the 4th. 

Natural science is taught in the first three classes of the schools of 
commerce : zoology and mineralogy in the Ist class, botany in the 2nd 
class, and anthropology in the 3rd class. 

In promotion examinations natural science ranks equal with other 
subjects, mathematics and modern Greek excepted, which count for more. 
Natural science not being taught in the top class, it does not appear in 
school leaving examinations. 


AIMS 


The aim of natural science teaching is (a) to enable pupils to under- 
stand that nature is one organised whole obeying unchanging laws ; 
(b) to show pupils the importance of basing the employment of natural 
resources on a profound knowledge of nature, if the best use is to be 
made of them in the interests of preserving human life and raising its 
standard ; (c) to arouse pupils’ interest in all human activity concerned 
with nature, through making them do work, with their own hands, 
connected with such activity; and (d) to strengthen pupils’ religious, 
moral and artistic feelings through a better understanding of nature. 


SYLLABUSES 


The salient points in the natural science syllabus for the grammar 
schools are as follows : 


Ist class. Those elements of mineralogy are taught, which are judged 
essential for an undeyvstanding of subsequent biology and geography teach- 
ing. Only the commonest of the minerals most directly useful to man are 
dealt with. 


2nd class. The botany syllabus covers the biology, anatomy and 
physiology of the main plant species found in Greece. The importance 





100 NATURAL SCIENCE IN SECONDARY SCHOOLS 


of these plants in man’s life is presented, and their relationships with 
their environment. Pupils are taught to know the common plants, and 
to classify them carefully. They also study the distribution of various 
plants in Greece. 


3rd class. The zoology syllabus covers a similar study of the biology 
anatomy and physiology of animals in relation to man and the environment’ 
A short study is also made of the geographical distribution of animals’ 


4th class. The anthropology syllabus comprises human anatomy 
and physiology, with some reference to hygiene. The biology syllabus 
of this class covers a careful study of facts drawn from botany, zoology 
and anthropology, with a view to showing pupils the general meaning 
of life and bringing them to understand that life consists of a totality of 
definite functions whose aim is the survival of the individual and of the 
species. 


METHODS 


Broad directives on methods are given to teachers. Teachers are 
then free to employ the methods they deem most appropriate to each 
lesson. The principal methods in use are the descriptive method (in 
conjunction with the necessary materials), the inductive method and 
the narrative method. 

The teacher’s task is not limited to imparting knowledge. Theory 
must be complemented by visual teaching, so that the pupils’ interest 
may be aroused, their powers of observation developed, and what they 
learn consolidated. Great importance is also attached to the experi- 
mental method, which has a beneficial intellectual effect on the pupils 
and stimulates their curiosity and desire to undertake research. 

I:xperiments are usually done in class, by the teacher, with the pupils 
participating. Important experiments are done in the laboratory. Practical 
exercises are done, and observations made, in the school garden, and every 
opportunity is taken (or created) for bringing pupils in contact with 
nature (through school excursions, visits to museums, factories, reservoirs, 
mines, etc.). 

Competitions are organised at regular intervals to encourage the 
publication of school textbooks. The best books are awarded a prize and 
their use made compulsory. 

In addition to the prescribed textbook for any given class, each pupil 
is free to use books of his own choice, subject to the approval of his teacher. 

The auxiliary aids used comprise apparatus, models, collections of 
animals, maps, pictures, slides and films, microscopes, broadcasts, and 
books from the school library. Instructions in this connection are given 
by the inspectors. 


TEACHING STAFF 


Secondary teachers of natural science hold a university diploma, and 
have taken the intermediate education course at a training college and 
a course at an institute of education. 
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All branches Of natural science are generally taught by the same 
teacher. 

For secondary teachers’ further training, there exist intermediate 
education courses at the training college, and scholarships tenable at 
foreign universities and various educational establishments. 


MISCELLANEOUS 


The transfer of biology to the top class of the grammar school is 
under consideration. 
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GUATEMALA 


From the report sent by the Technical Council of National Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Guatemala as a compulsory subject in 
the first three years of the training college course, and in the five-year 
secondary high schools (pupils from 14 to 19 years of age). Four periods 
a week are devoted to it. In the 5th and last year, mineralogy is combined 
with chemistry, and geology with physical geography and cosmography. 

The same importance is attached to natural science in promotion 
examinations as to other subjects. There are no school leaving exami- 
nations. 


AIMS 


The aims of natural science teaching are given in official regulations 
as being (a) to reveal the unity of nature as manifested in plant and animal 
structure, (b) to bring pupils to understand this unity through a compara- 
tive study of systems, organs and functions, (c) to enable pupils to grasp 
the idea of evolution through comparative observation of structure, 
systems, and organisms, and (d) to develop in pupils habits of observation 
and experimentation, the basis of all knowledge. 


SYLLABUSES 


The secondary natural science syllabus is as follows : 


Ast year: natural science (plant and animal organs). 2nd year: natural 
science (zoology and botany). 3rd year: biology. 4th year: physics and 
mechanics. 45th year: chemistry and mineralogy ; geology and physical 
geography. 


METHODS 


Official recommendations have been issued on the methods to be 
employed in the teaching of natural science. Such teaching should be 
based as far as possible on the direct observation of living things and 
phenomena. It should be supplemented when necessary by the use of 
wall charts, pictures, drawings, films, etc. Visits to zoological and botanical 
gardens, and excursions, should provide opportunities for direct obser- 
vation, and for collecting materials for the pupils’ individual collections 
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and the school museum. Animal specimens may be preserved in alcohol. 
Each pupil is required to keep a notebook, in which he records his observa- 
tions, and which serves him as a guide in his inductive path to knowledge. 
Lessons should be completed and illustrated by appropriate reading. 

Formal teaching, observation and experimentation are used. 
Wherever the equipment available in each school permits, all the forms 
of observation and experimentation enumerated in the questionnaire 
are practised. The syllabuses, however, do not include practical appli- 
cations to everyday life. 

Textbooks are chosen by the teachers themselves, and no official 
instructions concerning them are issued. 

Auxiliary aids are used to illustrate and complete natural science 
teaching, but the supply of them is as yet inadequate. 


TEACHING STAFF 


Natural science is taught in Guatemala by (a) primary teachers who 
who have taken specialist courses in the faculties of pharmacy and medicine 
at the autonomous University of San Carlos, (b) secondary teachers who 
have specialised in biology and taken a course at the secondary teacher 
training institute attached to the arts faculty of the same university. 

The various branches of natural science are taught by different 
teachers. 

There are no prescribed means of further training for natural science 
teachers. 


MISCELLANEOUS 


Certain modifications are envisaged in the natural science programme 
for secondary schools. 





NATURAL SCIENCE IN SECONDARY SCHOOLS 





HONDURAS 


From the reply sent by the Secretariat for Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


In Honduras, natural science is compulsory in the secondary schools 
(pupils from 13 to 18 years of age). Botany, zoology and hygiene are 
taught in the Ist, 2nd and 3rd classes, for five periods a week in each class ; 
biology in the 4th class, for three periods a week, and mineralogy and 
geology, for a further three periods ; and biology in the 5th class, for three 
periods a week. 

‘qual importance is attached to all subjects of the secondary curri- 
culum in both promotion and school leaving examinations. 


AIMS 


Official instructions state that natural science teaching should aim 
at (a) giving pupils a knowledge and a functional grasp of scientific gene- 
ralisations enabling them to understand and interpret the environment ; 
(b) developing their power of reflective thought so that they may solve 
everyday problems easily and intelligently ; (c) developing the scientific 
attitude, which ensures a way of behaving appropriate to the demands 
of modern life ; (d) developing a power of judgment suitable for a world 
greatly influenced by science; and (e) enabling pupils to understand 
common scientific terminology. 


SYLLABUSES 


In the first three secondary classes, natural science is studied in 
relation to problems taken from everyday life. In the Jst class the follow- 
ing questions, for example, are raised: How do living things make use 
of air, water, soil? How are living things classified? In the 2nd class 
the following topics are considered: arthropods and their economic 
importance to man; food in relation to health ; the production of food ; 
muscular energy. In the 3rd class pupils study the control of illness, 
plant and animal growth and reproduction, and Honduran mineral 
resources. All topics are studied in four stages : (1) acquiring knowledge ; 
(2) relation of this knowledge to health and personal security ; (3) conserva- 
tion and evaluation of natural resources ; (4) personal, social and economic 
activity. 
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In the 4th and Sth classes pupils study biology, mineralogy and geology 
in a systematic way and generally in accordance with the chapter headings 
in their textbooks. 


METHODS 


Official recommendations exist to the effect that natural science 
teaching should be based on observations and experiments made by the 
pupils. Every endeavour should be made to develop a spirit of research 
in the pupils, and a tendency to work in groups or teams. Through 
lack of adequately trained teachers, however, the method of exposition 
still predominates in natural science teaching. Teachers accompany 
their explanations with demonstrations done in the classroom. Great 
efforts are nevertheless more and more being made to get natural science 
out of the classroom, into the open air, the laboratory and the library. 

The relative time given to theoretical and practical teaching depends 
on the teacher’s individual initiative. Observations and experiments 
comprise mainly observation of nature, school walks, visits to various 
establishments, agricultural work and individual collections. The question 
of equipping secondary schools with biological laboratories is being 
considered. 

Secondary teachers are free to choose the textbooks they wish their 
pupils to use, but they are not allowed to compel their pupils to learn 
lessons by heart. Textbooks should be used only as an auxiliary aid to 
teaching. 

All secondary establishments possess libraries and small collections. 
Films have begun to be used, especially in the more important schools, 
but there are no official instructions in this connection. 


TEACHING STAFF 


Lack of well trained teachers is one of the biggest problems in 
secondary education in Honduras. Specialist teachers do not exist at 
this level. There are no institutions for the training of secondary teachers. 
Teachers are selected among members of the liberal professions and among 
the most qualified primary teachers. A secondary teacher is required 
to hold a university degree and the primary teacher's certificate. 

No means of further training are available. 


MISCELLANEOUS 


The Ministry of Education is making every endeavour (a) to establish 
a centre for the training of secondary teachers, (b) to increase teachers’ 
salaries, (c) to make rigorous selection of teachers through competitive 
examinations, (d) to ensure that more time is devoted to experimentation 
and laboratory work, and exposition of theory relegated to second place. 
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ICELAND 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught for three or four periods a week in the 
2nd, 3rd and 4th forms of Iceland’s grammar schools. It is always com- 
pulsory. Pupils enter these schools at the age of 14, and natural science 
teaching thus covers the age-group 15-18. 

The same importance is attached to natural science as to other 
subjects. 


AIMS 


According to the statutes of the Reykjavik Grammar (Latin) School, 
** special care should be taken to awaken the power of observation among 
the pupils and to acquaint them with the principal scientific instruments 
and methods of investigation... using, together with the instruction, 


pictures, microscopes and museum specimens, preferably owned by the 
pupils. ” 


SYLLABUSES 


The statutes of the Reykjavik Grammar School state that in the 
languages and mathematics sections, the pupils shall acquaint themselves 
with the principal laws and phenomena of nature and get a clear idea of 
the significance of natural science for human life and industry. The 
curriculum includes: (1) geology, especially general geology; (2) the 
physical description of air and sea with special regard to Icelandic 
conditions ; (3) physiology, with special regard to hygiene ; (4) general 
biology ; (5) the history of natural science. 


METHODS 


There are no official recommendations concerning the methods to 
be used in teaching natural science. 

On account of a shortage of accommodation and instruments there 
is little laboratory work done. It is difficult to collect plants during the 
school year owing to the fact t hat spring comes very late. Many pupils 
however, collect plants during their summer holidays. Trips for geological, 
observations are made. 

Teachers are free as to their choice of textbooks. 
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TEACHING STAFF 


Teachers in secondary schools must have a university degree in 
their special subjects, together with a degree in education, psychology 
and practical instruction. They must be able to teach two or three 
subjects. 

Ndtturufraedingurinn, a popular review of natural science, publishes 
from time to time articles for teachers. Heilbrigt lt/, a popular magazine 
on hygiene and health, makes interesting reading for everybody, and 
Menntamal, a monthly for teachers, contains many articles on natural 
history teaching. 


MISCELLANEOUS 


It is hoped that improvements can soon be made in the field of 
independent work and observation by pupils under the guidance of the 
teachers. 
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INDIA 


From the replies sent by State Directors of Public Instruction, Inspectors, and Heads of Schools 


INTRODUCTORY 


Information not being readily available on the country as a whole, 
the Ministry of Education of the Government of India circulated copies 
of the questionnaire to state governments with the request that the 
required information be transmitted direct to the International Bureau 
of Education. 

About thirty replies have been received at the Bureau, coming not 
only from state Departments of Public Instruction, but also from school 
districts and individual schools. The following is a tentative general 
summary of those replies. It should not be considered as exhaustive, 
but as giving the practices most commonly in use in the light of the 
replies. 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


A revised science programme has just been introduced or is being 
introduced in the secondary schools of several states. It develops gra- 
dually along progressive lines in conformity with the general “ Basic 
Education Scheme ” for school reform. 

According to the new programme the subject is taught on a con- 
centric basis under the name of general science, generally in the first 
five years (standards V-IX, children from 10 or 11 to 15 or 16) correspond- 
ing to the middle school. General science includes elementary biology, 
zoology, botany, physics, chemistry, anatomy, physiology and hygiene. 

In the upper classes or high school section (standards X-X1, children 
from 15 or 16 to 17 or 18), the pupil is free to choose among a number of 
groups of science subjects, which can be (a) general science (being a con- 
tinuation of the middle school syllabus), (b) physics or chemistry, (c) botany 
and zoology, (d) physiology and hygiene, (e) domestic science (for girls). 
Geology, mineralogy and astronomy are sometimes included in general 
science, and sometimes are among the groups of subjects taught in the 
high school. 

In places where the new plan has not yet been adopted, there are 
various systems. There are states with a four-year middle school and 
a three-year high school. In this case, elements of science are taught 
for four years under the name of general science, nature study, or ele- 
mentary science, etc., and the teaching of individual sciences starts with 
standard IX. Physics and chemistry and physiology and hygiene are 
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the science subjects most commonly taught. Biology is mentioned 
in some reples. 

In other places, the teaching of individual sciences begin earlier 
still, after only three or even two years of general science (or nature 
study). 

There are also places where general science or elementary science 
is taught right through the seven years of the secondary school. 

The number of weekly hours or periods devoted to science subjects 
is most commonly 2, sometimes 3, in the lower standards, and 3 to 4 
in the upper standards. General science practically everywhere is com- 
pulsory in the middle school. In the high school, where the students 
can choose between various groups of science subjects, general science 
or any subjects of natural science become optional in that sense. More- 
over, when science subjects are taught separately, they are optional 
even in the middle school. 

Science subjects are not always given the same importance as other 
subjects in promotion examinations; they may be classified as minor 
subjects with history and geography, more importance being given to 
language and mathematics. In the Secondary School Leaving Certificate, 
at the end of standard XI, the science subjects when chosen have usually 
the same importance as the other subjects. 


AIMS 


The aims of general science teaching in the spirit of the new programme 
are (1) to make children take a keen interest in the process of living ; 
(2) to make them appreciate the process of living as something common 
to human beings, animals and plants; (3) to make them feel that the 
process of living is facilitated by the physical contact with the environ- 
ment through the senses ; (4) to study how man has by scientific invention 
increased the effectiveness of the four vital activities in his own life ; 
(5) to inculcate in children the habit of observing things around them 
and the spirit of enquiry. 

In many places, stress is put on understanding the problems of daily 
life through scientific study, and on developing the faculties of scientific 
observation and enquiry. Contact with nature is also emphasised : 
developing interest in the natural phenomena by bringing about a dircet 
contact between the life of a child and nature ; acquaintance with the 
surroundings and awakening of a spirit of research for the various phe- 
nomena of nature; to acquaint children with the mysterious ways of 
nature and the laws that govern its phenomena; to grasp the idea of 
harmony in work and relations in nature, and harmony of life, work and 
relations in birds, animals and plants. 

There is also sometimes a definite social aim: to give the pupils 
sufficient understanding of the facts of food and healthy living, natural 
laws and how man can apply the knowledge of science to better living. 

Jn some places, the aims are more formal, more strictly intellectual : 
the training of reasoning and of objective judgment, the creating of a 
scientific outlook, the preparation for higher scientific studies, ete. 





NATURAL SCIENCE IN SECONDARY SCHOOLS 





SYLLABUSES 


The new general science programme is centered on the process of 
living and the different sciences united around that central theme. The 
four main activities that contribute to the process of living form the 
four sections of the syllabus in each class: (1) breathing, (2) feeding, 
(3) moving, (4) sensing, these activities being studied in plants, animals 
and human beings. The syllabuses also include the study of water and 
of the preservation of life and sometimes the study of the universe (stars, 
planets, dates, seasons, calendar, etc.). Practical work in connection 
with the various topics is prescribed in the syllabuses. 

In other places, the programme of general science or elementary 
scientific knowledge is more formal. I[t contains elements of physics, 
chemistry, biology, botany, zoology, physiology and hygiene, also con- 
nected somewhat with daily life but not presented functionally as above. 
Sometimes, on the one hand, more place is given to mineralogy and geology 
and less to botany and zoology, and sometimes, on the other, the stress 
is on plant and animal life, with some physiology and hygiene, but no 
place for the other science subjects. Sometimes the lives of the great 
scientists are included. When natural science is taught, under the designa- 
tion of general knowledge, in the first three years of the secondary school, 
it may include only elements of the universe, plants and animals. 

As regards the teaching of separate sciences or groups of sciences 
in the higher standards, the following, for example, is the syllabus of 
botany and zoology prescribed by the State of Baroda: 

General: (1) characteristics of living and non-living things, (2) a 
general idea of the cell and cellular structure of plants and animals, 
(3) fossil plants and animals (meaning of the term), how plant and animal 
fossils are formed, and the light they throw on the history of the plant 
and animal kingdoms 

Botany: (1) parts of a typical plant and their functions, (2) internal 
structure of plant parts, (3) life-histories of an annual, a biennial and 
a perennial plant, illustrating the process of germination, nutrition, growth, 
movement and reproduction in ordinary plants, (4) plants showing dif- 
ferences in one or more particulars from the plants mentioned previously, 
(5) classification of plants, (6) plants in their natura! habitats. Practical work. 

Zoology : (1) external parts of a number of different types of animals, 
(2) internal parts of animals (illustrated by frog, cockroach, amoeba, 
etc.), (3) functions of the external and internal parts of certain animals, 
(4) general idea of the classification of animals, (5) recognition of the 
animals mentioned above, and an elementary knowledge of the life- 
history of mammals, reptiles, amphibians, fish, insects, spiders, crustaceans, 
molluscs, worms and some lower invertebrates. Practical work. 


TEACHING METODS 
There are generally no official recommendations concerning the 


methods to be used, except the suggestions sometimes contained in the 
syllabuses. 
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Formal teaching, observation and experimentation are generally 
given equal importance, though there is a tendency to limit formal 
teaching. Stress is put on observation and the general intention appears 
to be to give more importance to active experimentation by the pupils, 
but lack of well equipped laboratories and sometimes of qualified teachers, 
as well as the overcrowding of the syllabus, prevents many schools from 
carrying out these activities. 

The official instructions referred to in the reply from the State of 
Madras strongly express the wish for more active and concrete teaching. 
Gardening should form a part of the science course, periodic excursions 
should be arranged, living organisms should be studied in their natural 
habitat, every class should build up a museum, pupils should collect speci- 
mens and preserve them, treatment should be concrete, observations from 
nature and experimental demonstrations should form part of the course. 

It appears also that there is general tendency to have the experiments 
based on things of, and the acquired knowledge applied practically to, 
the pupils’ everyday life. Difliculties are sometimes met with in this 
connection, however, owing to conflicting opinions at home. 

Teaching is not limited to the classroom. There is generally a school 
garden for nature study. Pupils make sketches and drawings of local 
plants and animals. They collect specimens for the school museum, 
and there are excursions, visits to local factories, museums, zoological 
gardens, etc. 

As far as possible all the teaching aids mentioned in the question- 
naire are used, but this depends largely upon the resources of the individual 
schools. Films are not used much yet, though film projectors are some- 
times put at the disposal of the district education council. In only 10 
of the 30 replies received are films actually mentioned as being used in 
science teaching, and broadcast lessons in only 6 replies. 

Textbooks are commonly used. They must conform to the prescribed 
syllabus and be written in clear, concise and simple language. In many 
places a set of textbooks is sanctioned by the Department of Education, 
on the recommendation of a committee of experts, on the basis of subject 
matter, price, paper, print, diagrams and illustrations. Wherever text- 
books are not used, notes have to be supplied by the teacher. Textbooks 
sometimes have to be supplemented by notes, supplied by the teacher, 
on local conditions. In some of the high schools textbooks and syllabuses 
are prescribed by the universities. 


TEACHING STAFF 


As a rule science teachers are required to possess a degree in science 
(B. Se.), and a degree in education (B. Ed.) or a teacher's certificate. 
In the university degree courses in education and the junior teachers’ 
courses at the training colleges, special training in the theory and practice 
of science teaching is given, in addition to general educational principles 
and the teaching of other subjects. 

For the first three years of secondary schools, teaching requirements 
are generally limited to the secondary school leaving certificate or matri- 
culation, and a training college certificate. 
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The same teacher generally takes all the science subjects, except in 
the higher classes, where in the big schools specialist teachers are some- 
times employed. 

Arrangements are very seldom made for the in-service training of 
science teachers. This they have to provide for themselves, by reading 
books and educational journals and attending occasional lectures and 
exhibitions. The reply from the State of Baroda mentions, however, 
an annual science congress and recently started science societies. The 
association of science teachers appears to be helpful in some states. 
Vacation courses are reported in a few replies. 


MISCELLANEOUS 


As mentioned above, secondary education is now being reorganised 
throughout India, and the new science syllabus is being introduced 
progressively. 

Better equipped and larger laboratories, more adequate visual aids, 
more outdoor and practical activities, more application to daily life and 
better qualified teachers are desired and aimed at in many places. 

It may be said, in conclusion, that an important change of attitude 
is taking place in India in regard to natural science subjects. This change 
is summed up by the reply from the Director of Public Instruction of 
Madras, in the following words: “* The natural science subjects are now 
becoming popular, especially with the advent of biochemistry, bacteriology, 


agriculture, etc. For a long time they were looked down upon. Optional 
botany was assigned to students poor in mathematics or English. Even 
experienced head teachers felt that way. During the last decade the attitude 
has quickly changed, though physical science teachers still have a superior 
attitude to natural science teachers. This attitude is fast vanishing.” 
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From the reply sent by the Department of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science subjects are included in the science programme 
at the three levels of the secondary school: preparatory, intermediate 
certificate, and leaving certificate. The programme in science for the 
preparatory course bears on nature study and on agricultural science. 
The duration of this course (as a rule for pupils under 14 years of age) 
is one or two years according to the age at which the pupil enters the 
secondary school. In the intermediate certificate course, which is a 
two-year course intended for pupils from 14 to 16 years of age, the pro- 
gramme of science includes botany and hygiene besides physics and 
chemistry. There is also a course in agricultural science at that level. 
In the leaving certificate course, the pupils have a two-year course in 
any one or more of the following subjects: physics, chemistry, physics 
and chemistry (joint course), agricultural science, botany, physiology 
and hygiene, general science, domestic science. 

In general 3 hours a week are devoted to each science subject. They 
are always optional. In the syllabus, which has to be approved for each 
secondary school by the Minister of Education, science is an alternative 
with a language other than Irish and English, or with commerce. 

At the intermediate and leaving certificate examinations, science 
has the same value as other subjects, except Irish and mathematics, 
which are given the greatest importance. 


SYLLABUSES 


The suggested syllabus in nature study contains the following sections : 
(a) plant and animal life, (b) the earth and sky, (c) air, fire and water, 
(d) familiar physical phenomena, (e) the face of the earth, (f) methods of 
measurement. 

The plant and animal life section is planned as follows: Autumn 
studies: simple flowering plants ; common trees ; autumnal tints and leaf 
fall ; fruit and seed dispersal ; earthworms in relation to leaves and soil ; 
birds in relation to earthworms, insects, fruits and seeds; migration of 
birds; planting of bulbs and corms for future study ; Winter studies: 
hibernation ; trunks, branches, twigs and buds of trees; age of trees; 
chrysalis of insects ; local birds, their flight, feeding and resting ; Spring 
and Summer studies ; development of bulbs and corms planted in autumn ; 
examination of selected seeds ; germination ; the common flowers of the 
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field, their structure and habits; adaptation of plants to environment ; 
development of flower and foliage, buds of trees ; insects (beneficial and 
injurious) in relation to plants; pollination ; spawn of fishes and frogs. 

In agricultural science, the preparatory course is designed to train 
and develop the observational powers of the young student so as to enable 
him to take an intelligent interest in plant and animal life in his environ- 
ment. The suggested syllabus deals basically with the same topics as 
the course in nature study, adding items pertaining more closely to agri- 
cultural life. Careful observation is done by the students of the growth 
of crops and of the various activities in the garden and on the farm. 

In the intermediate and leaving certificate course, agricultural 
science is planned so as to teach the scientific principles underlying 
practical gardening and farming. The study of physics, chemistry and 
formal botany is reduced to a minimum. According to the syllabus, the 
students following this course should be kept in touch with all seasonal 
operations in the garden and on the farm, and should take part in those 
of educational value in the garden. Particular attention should be given 
to the treatment of plant diseases. Throughout the year seasonal farm 
operations should be observed and discussed. 

In the intermediate certificate course, where botany and hygiene 
are part of a syllabus including also physics and chemistry, botany is 
listed as follows : life : characteristics of living things ; general characters 
of root, stem, leaf, flower, buds; modification of plant parts; simple 
experiments showing the functions of plant parts; leaf fall; seeds and 
fruits; germination of seeds; purity and germination tests; fruit and 
seed dispersal ; food storage ; vegetative reproduction. 

Hygiene includes: the human body: main divisions, skeleton ; 
general structure, position and function of the alimentary, respiratory, 
and excretory organs; the heart: blood circulation (arrangement and 
structure of the organs to be studied in the rabbit) ; the skin ; perspiration ; 
ventilation ; clothing ; personal and domestic cleanliness. 

In the leaving certificate course, the suggested natural science syl- 
labuses are as follows : 


Botany. Autumn studies: a simple flowering plant (buttercup, 
crucifer, or other type) ; examination of other plants and their comparison 
with the type first selected ; forms of plants and their organs in relation 
to environment and functions ; the habits of plants; study of annuals, 
biennials and perennials, and their means of providing for the individual 
and the race; trees: autumn tints in foliage and feaf-fall; dispersal of 
fruits and seeds; distinction between stems and roots ; modified stems: 
bulbs, corms, rhizomes, and tubers ; planting of these forms for future 
study ; functions of the vegetable organs of plants, illustrated by experi- 
ments in absorption and transference of root-sap, in root pressure, trans- 
piration, respiration and photosynthesis ; observations and material for 
a “Nature Calendar’’. Winter studies: the twigs of sycamore and elm 
(as types); protection against cold and moisture ; age of trees ; periodic 
study of modified stems planted in autumn; discovery of stored food 
materials in organs of plants; comparison between winter buds and 
underground structures, such as bulbs and corms ; recognition of flower- 
buds and vegetative buds in fruit and other trees ; distinction between 
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evergreen trees and deciduous trees. Spring studies: Continued observa- 
tion and examination of bulbs and corms which were planted in autumn ; 
study of crocus, daffodil, and tulip; natural and artificial pollination ; 
bees and their work in relation to flowers ; study of pollen ; fertilisation ; 
further observation of the twigs of trees (sycamore and elm) as their 
buds burst into leaf and flower ; the spring fall of stipules and other scales 
from trees; the evolution of a shoot from a winter bud; examination 
of seeds ; germination of pea and bean, mustard and cress, and wheat 
and maize; comparisons between seed and winter-bud, and between 
shoot and seedling ; experiments to illustrate the fundamental conditions 
and phenomena of germination. Summer studies: further study of the 
habits of plants and their production of roots, stems, and leaves ; the 
grand periods of growth, flowering, and fruiting; study of flowering 
plants which are types of the great sub-divisions of flowering plants of 
the field and garden; plant relationships: the plant in relation to the 
soil; soil organism ; plant tissues; storing of reserve food ; the flower, 
seed, and fruit; use of a school flora; study of pine, fern, moss, alga, 
fungus and bacteria. 

Physiology and hygiene. General external survey of the body ; the 
skeleton ; muscular system ; general internal survey of the body ; circula- 
tion of the blood ; respiration ; digestion ; excretion ; the special senses ; 
speech ; the nervous system ; tissue systems ; micro-organisms in health 
and disease ; house and school hygiene ; first-aid in emergencies and sick 
nursing. 

General science. This has three sections, the first dealing with ele- 


ments of physics, the second with elements of chemistry, and the third 
with the following items (listed often under the name of biology) : (a) simple 
knowledge of earthworm, bee, frog, bird, rabbit ; bacteria, fucus, mucor 
(or other common mould), and flowering plant ; simple dissection of rabbit ; 
simple cell structure; protoplasm; (b) living functions: respiration, 
nutrition, sensitivity, reproduction and development, form and adaptation. 


METHODS 


The work is generally based on a well-planned scheme prepared 
beforehand by the instructor in which the formal teaching and explanation 
of principles follows individual observation and experimentation by the 
pupils. The experimental work is done in the laboratory or in the garden 
or farm attached to the school, according to the particular science course 
chosen for instruction. The work is supervised by the Department's 
inspectors, who make recommendations and give advice appropriate to 
the particular case. 

The application of the principles studied to daily life is more stressed 
in some of the courses than others, but is not neglected in any. For 
instance, the general science syllabus for the leaving certificate examina- 
tion is introduced as follows: “* Candidates will be expected to show a 
sound appreciation of the relations between the sections of the following 
syllabus and of the bearing of the principal items upon matters of every- 
day life.” 
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Textbooks are not prescribed by the Department, but the guidance 
of the inspectors is always available when required. 

The laboratories are usually well equipped with the necessary appa- 
ratus for the particular course being followed. Lantern slides, films 
and broadcast lessons are not used to any considerable extent. 


TEACHING STAFF 


Teachers are required to hold particular qualifications for the science 
courses they teach. Many of them hold university degrees. Summer 
courses are organised for the further training of teachers and the Depart- 
ment holds special examinations to enable them to obtain the necessary 
qualification in particular science subjects. 
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ISRAEL 


From the reply sent by the Ministry of Education and Culture 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


In Israel there are 105 schools for intermediate education, known 
as *“‘ secondary schools’ and “ schools at secondary level’’. 

The secondary schools are all situated in the towns. They are either 
schools with four classes (the 5th, 6th, 7th and 8th, covering the four 
years of intermediate education, with pupils from 14 to 17 years of age) 
or schools with twelve classes (covering the eight years of primary or 
basic education, with pupils from 6 to 13 years of age, and the four years 
of intermediate education). In 75°, of the secondary schools an important 
place is given in the curriculum to natural science. 

The schools at secondary level are mostly to be found in the rural 
centres founded on a communal basis. Like the secondary schools they 
have twelve classes (pupils from 6 to 17 years of age), of which the first 
eight cover the eight years of primary education, and the remainder 
(known as the 9th, 10th, 11th and 12th classes) the four years of inter- 
mediate education. These schools prepare pupils for life on farms, and 
their curriculum gives an important place to biology. 

The time set aside for natural science teaching varies from school 
to school. The average is 2-3 periods a week in the intermediate classes 
of the secondary schools (5th-8th classes), and 2-6 periods in the 9th 
and 19th classes of the schools at secondary level, 2-5 periods in the 11th 
class and 3-6 periods in the 12th class. 


Equal importance is attached to natural science subjects as to other 
main subjects. Promotion is not given to a pupil who is weak in natural 
science. Secondary schools are not obliged to have promotion examina- 
tions. The few schools with a system of examinations include biology 
in them. 


In the matriculation examination taken in the secondary schools, 
certain subjects are compulsory, others are optional. Biology is generally 
one of the latter. 

In the secondary schools, however, which have adopted the system 
of literary, scientific, biological, agricultural and social science sections, 
biology is given more importance in the biological section and is compulsory 
in the examination of that section. 

The schools at secondary level do not take the matriculation examina- 
tion, and are not divided into sections. Natural science is nevertheless 
regarded as one of the principal subjects in these schools. 





NATURAL SCIENCE IN SECONDARY SCHOOLS 





AIMS 


Schools in Israel are of four educational types: the general type, 
the working-class type, and two religious types (that of the Mizrahi 
schools and that of the Agoudath Israel). 

Although the natural science syllabus of each of these four types 
of school is more or less the same, there are differences of interpretation 
and of tendencies. The aims of natural science teaching have not yet 
been given definitive oflicial recognition. All four types of school, how- 
ever, concur in stressing both the national and general importance of 
the subject. It is one which has created a spiritual relation to the natural 
features of the homeland, and helped to make known its natural resources. 


SYLLABUSES 


Two natural science syllabuses are published by the Ministry of 
Education and Culture, for intermediate education. 

The first is a syllabus for the matriculation examination in biology, 
mainly for the use of pupils in the biological sections of the secondary 
schools. 

The second is a draft syllabus for the upper classes*of the secondary 
schools. It has been submitted for examination by natural science 
teachers, but has not yet been finally approved. It nevertheless gives 
a good idea of the topics to be dealt with in the secondary schools. It 
distributes these topics as follows : 

5th class: zoology (invertebrates); systematic botany. 6th class: 
general botany ; zoology (vertebrates). 7th class : anatomy and physiology 
of the human bedy. &th class: general biology (cytology, embryology, 
heredity and evolution). 

For natural science teaching many of the schools at secondary level 
use the syllabuses of the secondary schools. Some of them, however, 
have adopted the project method, whereby physics, chemistry and biology 
are taught as one whole. 


METHODS 


The methods for teaching natural science have not yet been officially 
prescribed, and each school uses the method of its choice. 

In the schools at secondary level situated in the agricultural centres, 
most of the periods are devoted to experiments and observations. 

The classes of the secondary schools in the towns are very large, 
and teaching tends to be given in the form of demonstration. In these 
schools as well, however, certain special lessons are set aside for practical 
work in small groups. These groups make experiments and observations 
related to the topics taken in class. 

Theoretical explanations are given an important place in the teaching 
of biology, and teachers lay great stress on the development of the scientific 
spirit. They are not content with presenting merely the facts. Even 
in schools which have adopted the laboratory method, formal teaching 
takes up 40% of the time. 
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In many of the schools at secondary level and in some of the town 
schools, there are special laboratories for natural science. In schools 
without a laboratory, experiments are made in the ordinary classrooms 
during certain hours each week. 

Very few secondary schools possess a school garden or facilities for 
keeping animals. It is generally small groups of pupils with a special 
interest in natural science who make systematic observations of plants 
and animals. 

The schools in the agricultural centres attach importance to biology 
excursions and visits to factories. Such excursions and visits are more 
difficult to make in the secondary schools in the towns, on account of 
the large number of pupils, distances, and questions of transport. 

School collections are to be found in most intermediate schools, but 
they are usually very small. Some schools, however, possess large collec- 
tions worthy to be called biological museums. 

The natural science syllabus for intermediate education is limited 
to biological questions, and leaves no room for practical applications to 
such matters as hygiene, clothing, climate, etc. Such topics form part 
of the natural science course in the primary or basic schools (up to the 
age of 14). 

Nature protection is a new idea which has been propagated enthu- 
siastically since the establishment of Israel as a State. It is hoped that 
it will prove possible to introduce this important problem into the natural 
science syllabus. 

Textbooks exist for most of the biological subjects, written by qualified 
natural science teachers. They are used in most of the schools, although 
this is not officially prescribed. 

The auxiliary aids generally used for natural science teaching consist 
of wall charts, models and collections of flora and fauna. In large schools 
with a special room for natural science, epidiascopes and lantern slide 
and film projectors are sometimes used. 

In the natural science room of many schools there is a library with 
the best books (in the original or in translation) on biological topics. 
These libraries are placed at the disposal of the teachers, and of pupils 
with a special interest in natural science. 

The Department of Education has not so far issued separate instruc- 
tions concerning the equipment necessary for natural science at inter- 
mediate level, but it has distributed a list to the primary schools which 
covers requirements in this connection at intermediate level. 


TEACHING STAFF 


The teachers in the secondary schools hold a university diploma 
obtained at the Hebrew University in Jerusalem or a foreign university. 
Most of them have also had professional training. Some of them have 
taken the primary training college course and taught in a primary or 
basic school, before their admission to the university. Others have 
studied natural science at the university and included professional topics 
in their special studies. 
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The teachers in the schools at secondary level are also mainly uni- 
versity graduates. Some are secondary teachers who have taken the 
special two-year training course, at the institute of biology and education 
in Tel-Aviv, for natural science teachers. 

All natural science subjects in the curriculum are taught by the same 
teacher, in intermediate schools, as it is preferred not to separate these 
subjects. 

Natural science teachers mainly secure further training during their 
holidays. They meet once or twice a year in conference to discuss edu- 
cational questions touching their subject. On such occasions they also 
organise exhibitions of natural science materials and books. Important 
biology excursions are made in the spring. Further training in biology 
is given during the summer months, in the form of intensive courses lasting 
a number of days. 

The association of secondary teachers of natural science cooperates 
with the Department of Education in further training and in the publica- 
tion of books on natural science. 

In 1951 appeared the first number of a new periodical published 
by the natural science inspectorate of the Department of Education. 
Its articles deal with the teaching and methodology of natural science, 
and the organisation of laboratory work, experiments, experimental 
lessons, and raising animals at school. 


MISCELLANEOUS 


The organisation of natural science teaching has not yet reached 
its final stage. It is hoped soon to facilitate the teacher's task through 
the revision of syllabuses, the attaching of greater importance to laboratory 
work, and the publication of instructions concerning methods. 








ITALY 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Under the title of natural science and in correlation with chemistry 
and general geography, biology is taught as a compulsory subject in 
Italy in the various kinds of secondary schools (classical and scientific 
secondary schools, training colleges, vocational and “ orientation” schools, 
and technical institutes). 

Natural science is taught, at the classical secondary schools, in the 
three top classes, the pupils being roughly from 16 to 18 years of age. 
Four periods a week are devoted to the subject in the first of these classes, 
three in the second and two in the third. 

At the five-year scientific secondary schools, natural science is taught 
in the 2nd, 3rd, 4th and 5th class, the pupils being from 15 to 18 years of 
age. Two periods a week are devoted to it in the 2nd and 5th class, and 
three in the 3rd and 4th. 

At the training colleges, natural science is taught in all four classes. 
Three periods a week are devoted to the subject in each class. 

In both promotion and school leaving examinations the same impor- 
tance is attached to natural science as to other subjects. 


AIMS 


Natural science should not be limited to teaching facts, but should 
also introduce pupils to the historical development of technology and 
scientific thought, so that observations and experiments are not regarded 
as isolated actions but as being connected with that development. 


SYLLABUSES 


In the three top classes of the classical secondary schools the natural 
science syllabus is distributed as follows : 


First class. Introduction to botany and zoology through comparative 
descriptions of plants and animals; pupils are introduced to the main 
divisions or classes (monocotyledons and dicotyledons, invertebrates and 
vertebrates, etc.), and learn to classify the different types according to 
their apparent complexity ; first investigation into physiological mecha- 
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nism, with a view to understanding the evolutive conception of life, 
and first observations with the microscope ; elementary chemistry and 
mineralogy. 

Second class. In botany and zoology, after the initial descriptive 
and classificatory investigation, pupils are introduced to a more thorough 
analysis of living forms, as they evolve and gradually differentiate, 
according to tissues, organs and complexity of forms ; teaching thus deals 
not only with anatomy, but also with plant, animal and human physiology ; 
special emphasis is given to the physiology of the endocrine, nervous and 
muscular systems, and to reflex action in relation to the problem of con- 
science and human activity ; finally hygiene (nutrition, physical education, 
illnesses and protection). 

Third class. After revising, summarising, completing and drawing 
together the work done in previous classes, pupils begin the study of 
geography : from astronomical geography they pass to physical geography, 
covering the phenomena of internal and external transformation, geology 
and, more especially, distribution of flora and fauna, and human and 
economic geography ; work concludes with a study of the evolutive laws 
of the life of the mineral, plant and animal kingdoms. 

At the scientific secondary schools, the natural science syllabus for 
the 2nd class comprises descriptive botany and zoology as in the first 
class (see above) of the classical secondary school. In the 3rd class, an 
analysis of living forms is begun as in the second class (see above) of the 
classical secondary school, special emphasis being given to human anatomy 
and physiology and to the hygiene of nutrition, housing, work, contagion, 
and illnesses and protection against them. In the 4th class, work mainly 
consists of chemistry research and experiment, with some elementary 
mineralogy. In the 5th class, geography is made to serve as concluding and 
synthesising study as in the third class (see above) of the classical secondary 
school. 


METHODS 


In regard to concreteness and experiment, teaching still leaves much 
to be desired, owing to the lack of premises and materials. In these respects 
teachers must use their initiative. The natural science syllabuses are 
definitely theoretical in character, and leave little room for practical 
applications. 

Official instructions exist on the choice and use of textbooks in general. 
They are based mainly on financial considerations. 

The auxiliary aids used for the concrete and experimental teaching 
of natural scieace are for the most part very poor in quality ; much depends 
on the financial resources of the various schools. There are no laboratories. 
Some good educational films exist, but not in sufficient quantity to ensure 
really complete instruction. 


TEACHING STAFF 


The professional training of teachers is inadequate. To be entitled to 
teach natural science, a teacher must hold a degree in chemistry, natural 
science, geography, medicine, or agriculture. Some teachers have fellow- 
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ships (conferred as the result of a competitive examination), others are 
supplementary teachers (for the most part well accustomed to teaching). 

Natural science, chemistry and geography are generally taught by 
the same teacher. 

No avenues of further training are officially provided. The best 
teachers secure further training and specialise at their own expense, 
making often very considerable financial sacrifices out of love for their 
subject. 


MISCELLANEOUS 
With the coming general reform of secondary education, it is hoped to 


extend the natural science programme and increase the supply of materials 
for it. 
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LEBANON 


From the reply sent by the Ministry of National Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is a compulsory subject in Lebanon in all the sections 
of the secondary schools. The secondary course is a seven-year one, the 
minimum ages of the pupils being from 11 to 18 years. 

The various branches of natural science are distributed as follows : 
Ist class : biology, geology ; 2nd class : botany, zoology ; 3rd class : hygiene, 
geology ; 4th class : anatomy, physiology ; 5th class : physics, chemistry ; 
6th class : physics, chemistry ; 7th class: anatomy, physiology, hygiene. 

Four hours a week are devoted to natural science in the Ist and 2nd 
classes, three in the 3rd and 4th, and five in the 7th. 

In both promotion and secondary school leaving examinations the 
same importance is attached to natural science as to other subjects. 


AIMS 


The aim of natural science teaching is to give both general and 
scientific training. 


SYLLABUSES 


The following is a summary of the main points in the natural science 
syllabus for each class of the various secondary sections : 

Ist class. The human body; animals; general characteristics of 
plants, classification of plants; rocks. 

2nd class. Classification of plants, study of a flowering plant; the 
main divisions of the animal kingdom. 

3rd class. Elementary human anatomy and physiology ; elementary 
microbiology, spontaneous generation, ferments, microbial infection ; 
nutrition, water, alcoholic drinks, air and breathable air; rocks, snow 
and glaciers, action of rain water, soil movements, applied geology. 


ith class. Anatomy of the digestive system, digestion and absorption, 
circulation and assimilation, secretion and excretion; skeleton and 
muscles, bones and articulations, nervous system, sense organs; plant 
anatomy and physiology (root, stem, leaf, etc.) ; main functions of nutri 
tion; plant reproduction, flower, seed, fruit, etc. 





LEBANON 125 





7th class. Human organic processes ; skeleto-muscular system, nutri- 
tion, excretion; main functions of phanerogams; plant foods, sources 
of nitrogen ; reproductive processes ; general hygiene and prevention of 
disease, contagious diseases, immunity, elementary microbiology, etc. 


METHODS 


The method of natural science is a more or less formal one, except 
in certain cases where it is possible to make experiments and use pictures 
and wall charts. 

More time is given to formal teaching and observation than to active 
experiment. 

Observation and experiment are conducted in the form of experiments 
in class, laboratory work, nature observation, drawing, and visits to 
various undertakings. 

The natural science syllabus makes reference to the applications of 
natural science. 

Use is made of apparatus, pictures, lantern slides, books in the school 
library, etc. but no definite instructions exist concerning equipment. 


TEACHING STAFF 


Natural science teachers in secondary schools have a fairly substantial 
scientific training. They have graduated from a secondary school or 
hold a degree in science. 

The various branches of natural science are in most cases taught 
by the same teacher. 

Teachers have numerous opportunities for further training : confer- 
ences and special courses, courses and study-days, scholarships tenable 
abroad, educational and scientific journals, ete. 
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LUXEMBURG 


From the reply sent by the Ministry of National Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


In Luxemburg natural science is compulsory in secondary establish- 
ments, which comprise (a) boys’ grammar schools (with seven classes, 
the 7th to the Ist, and pupils from 12 to 19 years of age), (b) boys’ modern 
secondary schools (with six classes, the 6th to the Ist, and pupils from 
12 to 18 years of age), and (c) girls’ secondary schools (with seven classes, 
from the 7th to the Ist, and pupils from 12 to 19 years of age). 

The natural science programme in the boys’ grammar schools com- 
prises zoology and botany in the 7th, 6th and 5th classes ; the study of 
man in the 4th class ; botany, and microscopy for one additional period 
a week for prospective natural science students, in the 3rd class; and 
biology in the 2nd class. One hour a week is devoted to the programme 
in each class. 

In the boys’ modern secondary schools the same subjects are studied, 
microscopy excepted, for two periods a week in the 6th class and one 
period a week in the 5th, 4th and 3rd classes. 

The same subjects, microscopy excepted, are also studied in the 
girls’ secondary schools, for one period a week in the 7th, 6th and 5th 
class, for two periods a week in the 4th class and for one period a week 
in the 2nd class. 

Subjects are graded in three groups, and natural science comes in the 
second of these. This means in practice that an inadequate mark for a 
subject coming in the second group does not have such serious consequences 
as for one of the main subjects (languages and mathematics). 


AIMS 


The aim of natural science teaching is te give pupils a good general 
education, and to develop their love of nature and power to observe. Only 
the microscopy course of the 3rd class of the boys’ grammar schools 
prepares pupils for their future career. 


SYLLABUSES 


In the boys’ grammar schools, the natural science syllabus comprises 
the following. 7th class: zoology : mammals, general survey of the animal 
kingdom ; botany: simple kinds of flowering plants. 6th class: birds, 
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reptiles, batrachians, fishes ; more complicated kinds of flowering piants. 
5th class: invertebrates, flowerless plants, structure and life histery of 
plants. 4th class: man: digestive, respiratory and circulatory systems, 
skin, skeleton, muscles, nervous system, sense organs. 3rd class: cells, 
tissues, root, stem ; secondary formation of root and stem, leaves, plant 
nutrition ; flower, fruit and seed; elementary identification of plants ; 
practical work (one period for pupils of Latin subsections A and C): 
use of microscope, microscopic examination of sections, drawing of flora, 
plant identification exercises, microscopic study of flowers, leaves, fruits 
and seeds, simple experiments on structure, germination, nutrition, 
respiration, transpiration, absorption, heliotropism and strengthening 
tissues. 2nd class: biology : the living organism ; reproduction of multi- 
cellular organisms, prehistory, transformism. 


In the boys’ modern secondary schools, the natural science syllabus 
comprises the following. 6th class: zoology : selected vertebrates, general 
survey of the animal kingdom, vertebrates; botany : flowering plants. 
5th class; invertebrates, flowerless plants, plant structure and life history. 
4th class ; as for the 4th class of the grammar schools. 3rd class; as for the 
2nd class of grammar schools. 


In the girls’ secondary schools, the natural science syllabus comprises 
the following. 7th class : zoology : as for the 7th class of the boys’ grammar 
schools ; botany : flowering plants, angiosperms, and main representatives 
of the various families. 6th and 4th classes; mainly as for the 6th and Sth 
classes of the boys’ grammar schools. 4th class: introductory animal 
anatomy and physiology; nutritive processes ; respiration and skeleto- 


muscular system ; sense organs ; classification ; comparative anatomy of 
typical invertebrates and vertebrates. 3rd class: plant anatomy and 
physiology ; simple plant organs ; nutritive organs and processes ; repro- 
ductive organs and processes ; classification of plants. 2nd class : biology : 
as for the 2nd class in the boys’ grammar schools. 


METHODS 


No official recommendations exist in Luxemburg on the methods of 
natural science teaching. 

Teaching is given on the basis of prescribed textbooks. The study 
of theory goes hand-in-hand with observation of pictures and charts and 
demonstrations with live specimens and apparatus. Lessons are also 
illustrated with lantern slides and films supplied to teachers by the 
Luxemburg educational films organisation. Pupils are given an intro- 
duction to plant identification and the study of surroundings through 
periodical walks to the town environs ; teachers then make field demon- 
strations. 

The Ministry of National Education proposes to introduce a special 
hygiene course in the boys’ secondary schools. Such a course partly 
exists already in the girls’ secondary schools, under the name of hygiene 
in the 5th class, and under the name of baby welfare in the two top 
classes. 
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TEACHING STAFF 


All teachers appointed to natural science posts have done a four-year 
university course and passed the candidat and doctors’ examinations in 
natural science. The title of professeur (secondary teacher) is then con- 
ferred on them after a period of two years’ secondary teaching in Luxem- 
burg or abroad and passing a practical test before a Luxemburg board 
of examiners. 
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MEXICO 


From the reply sent by the Secretariat of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


A three-year course in biology is given in Mexico in the secondary 
schools, for three periods a week in each of the three classes. The course 
is a compulsory one. There is in addition an optional course in biology 
for the 3rd class, given for two periods a week. 

The three-year course in biology is also given compulsorily in the 
secondary evening classes for young persons and adults, for three periods 
a week in the Ist class, and two in the 2nd and 3rd. 

The same importance is attached to biology as to other subjects in 
the curriculum. 


AIMS 


The aims assigned to biology teaching are (a) to give pupils a know- 
ledge of animals and plants, their inter-relations and their relations with 


the environment, (b) to teach pupils to make use of the nation’s natural 
resources, (c) to show pupils the importance to the nation of conserving 
natural resources of all kinds, the harm caused by their destruction, and the 
ways in which they may be safeguarded, (d) to acquaint pupils with the 
most characteristic plants and animals of their locality, with special 
reference to those most related to man, (e) to teach pupils how to look 
after and use the more common domestic plants and animals of their 
locality, (f) to introduce pupils to a knowledge of their body and its func- 
tioning, (g) to inculcate the rules of health, (h) to teach pupils the biolog- 
ical relations that arise among human beings living in a community, and 
thus to give them the basic principles of social hygiene, (i) to make pupils 
understand that the creatures now living are the descendants of other, 
very different creatures that lived in past epochs, (j) to teach pupils the 
true differences and similarities among human groupings by showing 
them the biological falsity of racial doctrines, (k) to bring them to under- 
stand, on the basis of the biological foundations of human conduct, bow 
a study of bivlogy can teach them to regulate their conduct as individuals 
and as members of society. 

Pupils will thus gain (a) a conception of outstanding psychological 
value of the harmony and beauty of the universe, more especially in 
relation to living things, (b) a conception of the interdependence of living 
creatures, which forms the basis of any democratic way of life, (c) a con- 
ception of evolution and change, which will lead them to reject passive 
attitudes and to become active persons ready to campaign for social 
advance, and (d) a scientific criterion that will lead them to seek for the 
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proofs of assertions, and prevent them becoming the easy prey of untrue 
and harmful propaganda. 

The social and individual advantages that will in this way be achieved 
include (a) a widening of the conception of life through enjoyment and 
understanding of nature and its beauty, (b) an understanding of the 
necessity of conserving natural resources and a knowledge of how this 
may be effected, (c) a capacity to discriminate between useful and harmful 
animals and plants, and (d) a liberation from prejudice and superstition. 


SYLLABUSES 


The three-year course in biology is divided into the following “ units ”’: 

Ist class (nine units): why biology is studied ; green plants and the 
constitution of food; animals and the consumption of food; human 
nutrition ; water and life; air and life; microscopic mushrooms and 
bacteria ; parasitic worms and protozoa; infectious diseases and their 
prevention. 

2nd class (six units): cellular structure of organisms; the various 
classes of plants ; the various classes of animals and their characteristics ; 
useful and harmful animals and plants; the human body and its functions ; 
accidents and first aid. 

3rd class (six units) : organisms and the environment ; reproduction ; 
human skeleto-muscular and nervous systems; hygiene of adolescence ; 
evolution ; origin of man and races. 


The optional additional course in biology given in the 3rd class 


comprises the following four units: principles of classification ; heredity 
and improvement of plants and animals ; animal associations and human 
societies, biology and sociology ; applications of biology. 


METHODS 


Teachers are given general suggestions as to methods, which in 
brief are as follows: (a) Motivation (of the lesson or “ unit *’): teachers 
should on each occasion use the most effective psychological means of 
arousing their pupils’ curiosity and interest, indispensable factors for 
success in teaching ; (b) Group work: work should be distributed in such 
a way that it may be done in groups and that pupils may acquire habits 
of cooperation ; (c) Making work social: the activities should incite pupils 
to prepare materials and reports themselves for subsequent presentation 
and discussion before the whole class, for the benefit of all ; (d) Duration 
of units ; each teacher should decide, on the basis of the particular circum- 
stances of his work, how much time he can spend on the development of 
each unit ; (e) Evaluation of results: evaluation should be based on each 
pupil's results in each unit in respect of study and the solving of problems 
connected with the topics dealt with ; mere memorising should be avoided 
as much as possible, the true objective being the assimilation of knowledge 
and achievement of the aims assigned ; (f) Historical and biographical 
facts: each unit should be supplemented with relevant historical or bio- 
graphical data presented as narrative and not as compulsory material 
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for study ; the contemplation of the lives of great men will contribute 
to the creation of a spirit of emulation, the formation of high ideals and 
an appreciation of the value of scientific work ; (g) Research: with the 
units system the pupils have themselves to adopt the scientific method, 
and teachers should ensure that their pupils make observations and 
gather information in as exact a way as possible, and that they are equally 
exact in the recapitulation and tabulation of data, and in the presentation 
of reports and discussion of them in class ; (h) Preparation of lessons : given 
the nature of the subject, which is presented preferably in the form of prob- 
lems, and the frequency of discussions of the results obtained, teachers 
should prepare their lessons and materials sufficiently in advance, so as 
to make the best use of the limited time available and avoid unnecessary 
interruptions ; (i) Experiments: teachers should rehearse the experiments 
envisaged for each unit before the lesson, so as to be familiar with them 
and sure of their success ; in each case they should ensure that the obser- 
vations and procedures are suitable both to the pupils’ capacities and to 
the materials and equipment available ; (j) Excursions and visits; excur- 
sions and visits undoubtedly have great educational value, and should 
be made as often as possible ; to be of the greatest benefit, they should be 
carefully arranged in advance, and pupils should afterwards be asked to 
present reports and materials to show they have profited in the way 
anticipated ; (k) Level of instruction: teachers should bear in mind that 
the syllabuses have been drawn up for their use and contain terms and 
expressions above their pupils’ comprehension ; teachers should grade 
their teaching according to their pupils’ abilities and ensure that they 
assimilate the topics in conformity with the aims prescribed in the syllabus. 

The course attaches equal importance to formal teaching, observation 
and experimentation. Use is made of all the activities and auxiliary aids 
mentioned in the questionnaire (questions 10 and 13). Emphasis is given 
to the use of audio-visual aids, and to the various civil campaigns, including 
those called “ Afforestation’’, “For Health” and “ Maize”. Place 
is given in the biology syllabuses to applications to everyday life. 

Lists exist of the textbooks approved by the Secretariat of Education. 
Instructions concerning teaching auxiliaries are given in the syllabuses 
and bulletins published by the educational directorates. 


TEACHING STAFF 


Secondary teachers of biology are required to have obtained the 
certificate of secondary teacher of biology from the higher training college 
coming under the Secretariat of Education, or from the science faculty 
of the national autonomous university. 

Teachers may get further training through the specialist teachers’ 
academies, lectures, special courses, excursions and museums. 


MISCELLANEOUS 


All aspects of a reform of the secondary curriculum are now being 
studied by the national conference on secondary education. 
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MONACO 


From the reply sent by the Minister of State 


PLace oF NATURAL SCIENCE IN THE CURRICULUM 


The various subjects grouped under the name of natural science are 
compulsory ones in Monaco at the first stage of secondary studies, i.e., 
from the 6th to the 3rd class, and at the second stage in the terminal 
mathematics, experimental science and philosophy classes. 

Zoology and botany are taught in the 6th class (pupils 11 to 12 years 
of age) and in the 5th (pupils 12 to 13 years of age). Geology is taught in 
the 4th class (pupils 13 to 14 years of age), and hygiene in the 3rd (pupils 
14 to 15 years of age). In the terminal classes, the natural science pro- 
gramme is linked to a study of anatomy and animal and plant physiology 
and, in addition, in the experimental science class, to the study of certain 
general problems of biology. 

An hour and a half a week is devoted to these subjects in the 6th, 
5th and 4th classes, one hour in the 3rd, two hours in the terminal mathe- 
matics and the terminal philosophy class, and four hours in the terminal 
experimental science class. 

In promotion examinations and the baccalaureate, as much impor- 
tance is given to natural science as to other subjects, except that, in the 
case of the baccalaureate, natural science has a different mark. 


AIMS 


At the first stage, the aims of natural science teaching are (a) to 
teach the pupils to observe, and (b) to develop in them a power of judg- 
ment enabling them to distinguish the essential from the accessory, and 
to make comparisons and draw conclusions. 

The teaching of geology should in addition contribute considerably 
to develop reasoning powers. 

At the second stage, natural science teaching is still based on obser- 
vation and experimentation, but is more ambitious. The teacher should 
endeavour to induce the pupils themselves to make all the observations 
and carry out all the experiments inberent in any given subject. In simple 
language he should try to give instruction at a high level enabling the 
pupils to realise the wide scope of present-day problems in biology. 


SYLLABUSES 


The natural science syllabus is divided as follows : 
6th class. Monographs and general classification of common verte- 
brates ; monographs of common flowers. 
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5th class. Monographs of select invertebrates in the main groups, and 
their progressive classification; general survey of the animal kingdom. 

4th class. Monographs of selected common rocks in the main groups ; 
present-day geological phenomena ;_ brief study of geological ages. 

3rd class. Notions of human anatomy and physiology and of hygiene. 
Microbiology : contagious illnesses, serums, vaccines. Nutrition: drinking 
water, alcoholism. Elementary child care (girls). 

Mathematics and philosophy classes. Animal anatomy and physiology. 
Plant anatomy and physiology. 

Experimental science class. As for the mathematics and philosophy 
classes, with the addition of elementary microbiology and immunization, 
and general characteristics and evolution of living organisms. 


Mernops 


Natural science teaching in Monaco is firmly based on observation 
and experiment. There are no oflicial recommendations on the methods 
to be employed at secondary level. 

One hour a week is devoted to the teaching of theory (based on 
observation and experiment, i.e., on the activity of the class as a whole), 
in the 6th, 5th, 4th and 3rd classes, two hours in the terminal mathematics 
and philosophy classes, and four hours in the terminal experimental 
science class. Half-an-hour a week is devoted to practical work in small 
groups in the 6th, 5th and 4th classes, and eight two-hour sessions a year 
in the second-stage classes. 

Observation and experiment are made through examination of 
specimens of animals, plants and minerals, dissection, excursions and 
collecting. 

Textbooks are treated as an auxiliary enabling teachers to avoid 
dictating copious notes and to make the maximum use of class time. 

At the Monaco lycée great use is made of filmstrips and films. The 
school has an extensive natural science collection. With the help of the 
principality’s museums and gardens, teachers are always able to make 
their lessons interesting and living, whether in regard to the marine 
kingdom (using the oceanography museum), the botanical kingdom (using 
the botanical garden) or the realm of prehistory and archeology. 


TEACHING STAFF 


At the Monaco lycée the two teachers for natural science are university 
graduates, and one of them is in addition a doctor of medicine. The latter 
is more especially concerned with questions of hygiene, immunization and 
human anatomy and physiology, and is director of the laboratory. 


MISCELLANEOUS 


A project for the coming school year would spread out the natural 
science syllabus now given in the terminal class of the second stage of 
secondary studies, over the three years of this stage, thus making the 
teaching of natural science continuous from the 6th to the Ist class. 
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NETHERLANDS 


From the reply sent by the Ministry of Education, Fine Arts and Science 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is compulsory in the Netherlands at : 

(a) the grammar school (gymnasium), in the Ist and 2nd classes 
(pupils from 12 to 14 years of age), and in the 5th and 6th classes of 
section B (with its scientific bias, and pupils from 16 to 18 years of age); 
in each of these clssses two periods a week are devoted to the subject; 

(b) the modern secondary school (hogere burgerschool), in the 1st 
and 2nd classes of sections A and B (pupils from 12 to 14 years of age), and 
in the 4th and 5th classes of section B (pupils from 15 to 17 years of age) ; 

(c) the girls’ secondary school, where regulations require that an 
average of twelve periods a week, during the five years of the course 
(pupils from 12 to 17 years of age), be devoted to natural science, physics 
and chemistry, the actual distribution of the total of periods being left 
to the discretion of the headmistress ; 

(d) the day school of commerce, where regulations require that not 
less than an average of two periods a week, during the four years of the 
course, be devoted to natural science. 

Only secondary importance is given to natural science in promotion 
examinations. Priority is given to mathematics, physics and chemistry 
in section B of the modern secondary and the grammar school, and to 
languages and history in section A. Natural science does not appear in 
the leaving examinations of the day school of commerce or of section A 
of the grammar and the modern secondary school. Pupils of section B, 
on the other hand, have a compulsory oral examination in natural science. 


AIMS 


There are no official instructions in the Netherlands concerning the 
aims of natural science teaching. 


SYLLABUSES 


The natural science syllabus for the grammar school covers the follow- 
ing. Ist and 2nd classes: human anatomy, elementary morphology ; 
function ; life histories and classification of indigenous plants and animals. 
5th and 6th classes: general introduction to botany and zoology, on the 
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basis of discussion of subjects concerning internal morphology ; compara- 
tive anatomy, ontogeny, systematic botany, and physiology. 

The syllabus of the modern secondary school is as follows. Ist class : 
human anatomy, elementary morphology ; physiology and classification 
of mammals and plants. 2nd class: vertebrates; botany (continued) ; 
identification of plants. 4th class (section B only) : invertebrates ; flowerless 
plants ; classification and theory of life relationships between plants and 
animals ; identification. 5th class (section B only): human anatomy and 
physiology ; elementary heredity and variation. 

No official instructions exist concerning the syllabus of the girls’ 
secondary school or the day school of commerce. 


METHODS 


There are no official recommendations on the methods of natural 
science teaching. Each teacher uses the method he deems best. 

In the majority of schools at secondary level, the teaching is mainly 
theoretical, except during lessons on the identification of flowers. Some 
schools have a special room in which the pupils make experiments and 
observations in biology and botany. 

Observations and experiments vary according to the method used 
by the teacher concerned and the auxiliary aids available. Experiment is 
often made use of in class (especially in connection with plant physiology), 
but rarely laboratory work. A number of schools have school gardens, 
aquaria and terraria. Depending on circumstances, excursions are made, 
and visits to zoological gardens, museums and natural objects of interest. 
In schools run on Dalton or Montessori lines more time may be devoted 
to excursions, as also to handicrafts, than in other types of school. Each 
school has individual collections (stones, shells, plants). 

Practical applications are discussed during biology lessons to hygiene, 
for example, and to nutrition, conservation, campaigns against harmful 
insects, etc. No special hours, however, are devoted to these subjects. 

No official instructions exist concerning the choice and use of natural 
science textbooks in secondary schools. 

To complement or illustrate teaching, use is made of apparatus, 
models, collections (shells, insects, etc.), wall pictures, stuffed animals, 
lantern slides, micro-projectors, films and school libraries. 

No official instructions exist concerning the equipment to be used for 
natural science teaching, and its quality and quantity thus vary from 
school to school. 

At the request of the secondary inspectors, the association of natural 
science teachers is now drawing up a list of the necessary equipment. 


TEACHING STAFF 


Natural science teachers in Dutch secondary schools have all taken 
the section B course of the grammar or modern secondary school. They 
were then admitted, after taking the baccalaureate, to the exact and 
natural sciences faculty of a university. The curriculum of such a faculty 
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comprises mathematics, physics, cosmography, chemistry, botany, bio- 
logy, geology and mineralogy. Prospective natural science teachers may 
choose the following subjects: (a) botany and biology (main subjects), 
and physics, chemistry and geology (subsidiaries); (b) chemistry (main 
subject), and physics, botany and mineralogy (subsidiaries) ; (c) geology 
(main subject), and mineralogy, biology, chemistry, and botany or physics 
(subsidiaries); (d) chemistry (main subject), and botany and physics 
(subsidaries). 

The course is one of roughly six years. A first examination confers the 
title of candidaal, a second that of doctorandus. The qualification gives 
the right to teach the main subject and the subsidiary subjects in a secon- 
dary establishment. The doctorate is conferred after presentation of a 
university thesis. 

There are no official instructions concerning professional training, 
but at most universities prospective secondary teachers have opportunity 
to take psychology, education and methods courses. 

Apart from university training, prospective teachers may prepare for 
a State examination. The certificate it confers also gives the right to 
teach in secondary establishments. 

The various subjects that natural science comprises are taught by 
the same teacher. 

Various avenues of further training exist for natural science teachers. 
The association of natural science teachers holds meeting for the discussion 
of educational and scientific topics, and arranges visits to institutions and 
factories. The universities are also interested in the problem. The profes- 
sors of Groningen University annually give a course lasting several days 
during the Christmas vacation. On the occasion of the Dies Academicus 
of Leyden and Utrecht Universities, the professors give lectures on various 
topics for old students. The biology students of Utrecht University draw 
up reports on new books on biology, which are collected together by 
the association of natural science teachers. The Ministry of Education 
organises vacation courses, and a special journal exists which is edited 
for and by natural sciences teachers, in addition to the articles on natural 
science published in the ordinary secondary education journals. 
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NEW ZEALAND 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE iN THE CURRICULUM 


Under the Education (Post-Primary Instruction) Regulations, 1945, 
all post-primary pupils in New Zealand must in their first two years 
(forms III and IV) do a minimum of general science, of which approxim- 
ately one-half is natural science. In most schools pupils in these two forms 
spend more time in the study of science than the minimum laid down for 
general science. 

in form V, from which pupils sit for the School Certificate examina- 
tion, pupils may select (within certain limits) one or more of the thirteen 
science subjects in the examination syllabus. These subjects include 
general science (comprising some biology), biology, human biology, animal 
husbandry, general agriculture, dairying and horticulture. 


In form VI, from which pupils may enter for (a) the University 
Entrance Examination in their first year, (b) the University Entrance 
Scholarship Examination in their second or subsequent year, pupils 
wishing to take natural science may select (a) biology or (b) botany and/or 
zoology. 


All post-primary pupils must, in the first three years at school, take 
physical education which includes health education. In most cases pupils 
take physical education throughout their post-primary course. 

The average age of the pupils is roughly 14 years in form III and 
17 to 18 years in form VI. 


In practice (with a considerable amount of variation), the time devoted 
to science is approximately as follows: form III: 14% hours a week ; 
form IV : 14-2 hours a week ; form V: 3-4 hours a week (3 hours a week 
for each science if more than one is taken) ; form VI: 4 hours a week for 
ach science. 

Science teaching (not only natural science teaching) is optional from 
form V onwards. If a pupil elects not to take a science in form V, he or 
she is expected to continue a minimum study of general science. 

Natural science is given the same importance in comparison with other 
subjects in the promotion examinations, the School Certificate Examina- 
tion, the Endorsed School Certificate (one year after School Certificate) 
and the Higher School Certificate (two years after School Certificate). 
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AIMS 


The aims of science teaching, with special reference to general science, 
in all types of schools are: (a) to give the pupil in broad outline a simple 
understanding of man and his environment; (b) to illustrate by demon- 
stration, experiment and discussion the use of scientific method as a tool 
of accurate thinking; (c) to teach something of the achievements of 
science, their effects on the lives of men and of the possibilities of their use 
for future good; (d) to give all pupils taking science as an examination 
subject a broad base for the study of their speciality ; (e) to encourage in 
pupils not taking science as a subject for examination an intelligent 
layman's interest in science ; (f) to correlate closely with physical educa- 
tion and social studies by giving a knowledge of those physical and biolo- 
gical facts which influence the healthy life of the individual and the 
community. 


SYLLABUSES 


The principal questions relating to natural science treated in the 
various syllabuses are as follows : 


(1) General science. Of the six sections set out in the course, the 
following contain considerable portions relating to natural science : 
(a) the earth in the solar system; an outline of geological time; the 
broad geological features of the pupil’s immediate environment; (b) the 
soil and the atmosphere as supporters of life; a simple study of living 
things, with more detailed study of selected plants and animals; simple 
ecology of the pupil’s district ; (c) an elementary study of reproduction 
in typical plants and animals; (d) an outline of human physiology to 
correlate closely with the programme in physical education; an elementary 
study of nutrition, especially in its more recent developments. 

(2) Biology. A study of growth, nutrition, respiration, photo-synthesis 
and the carbon cycle, excretion, and reproduction. 

(3) Human biology. A study of the characteristics of life, cellular 
structure of the body, skeleton, muscles and fasciae, blood and its cir- 


culation, respiration, digestion and excretion, regulation of body temper- 
ature, nervous system, reproduction, ductless glands, and the healthy 


body. 

(4) Animal husbandry. A study of horses, sheep, cattle, pigs. 

(5) Dairying. A study of milk, cream, butter, cheese, the cow, and 
the farm. 

(6) General agriculture. A study of soils, plant life, animal life, and 
general topics. 

(7) Horticulture. A study of the flower garden, fruit and vegetable 
garden, trees and shrubs, the soil, fertilizers and manures, and general 
topics. 
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METHODS 


The only official recommendation in New Zealand, given in the sylla- 
buses of instruction and dealing with science teaching in general, is as 
follows: ‘* Teaching methods should be as varied as possible. It cannot 
be stressed too strongly that observation and experiment form the back- 
bone of any effective course of science teaching. As well as using the method 
of demonstration and experiment, with a full programme of practical 
work in the laboratory and in the field, teachers should build up a collec- 
tion of books as part of their equipment, and should encourage wide 
reading in science subjects.” 

A satisfactory balance between indoor experimental work and outdoor 
observations is maintained. In addition to the activities mentioned in the 
questionnaire, pupils have week-end (and longer) excursions, visits to 
agricultural and pastoral shows, and competitions within their “ calf and 
lamb ” and garden clubs. 

Function is stressed rather than mere description. There is a very 
distinct carry-over from the health education, which is closely related to 
physical education, and also from the sciences related to agriculture. 

The Education Department publishes an authorized book list contain- 
ing a selection of books which may be used. Considerable freedom is 
allowed to teachers of form VI in the selection of textbooks. 

Very extensive use is made of teaching aids. In addition to those 
mentioned in the questionnaire, the following are also used : (a) provincial 
museums (there are educational officers attached to the staff of these 
museums); (b) post-primary bulletins issued by the Education Depart- 
ment ; (c) some primary school bulletins, issued by the Education Depart- 
ment, which carry over into the post-primary schools ; (d) books from the 
municipal lending libraries and from the country library service, a depart- 
ment of the national library service ; (e) sound and silent 16 mm. films and 
filmstrips issued by the national film library and private organisations ; 
(f) the itinerant agriculture instructors, whose services are available 
to the secondary departments of district high schools, if required. 


TEACHING STAFF 


Prospective teachers are advised to take the degree of Bachelor or 
Master of Science or Agricultural Science, and then to spend one year at 
the Auckland training college. 

Some teachers have attended a training college for two years and then, 
after a probationary year, taken on general teaching until they had 
obtained a degree. Other teachers have taken a degree but have had no 
professional training. 

There is at present a serious shortage of science teachers in New 
Zealand. 

Usually the same teacher takes all the natural science in a school. 
In some schools, depending on the roll number and the qualifications of 
staff, teacher share the work. 
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The following means are employed to keep serving teachers up-to- 
date: (a) vacation refresher courses organised by the Education Depart- 
ment; (b) refresher courses organized by faculties; (c) science teachers’ 
association lectures and publications; (d) numerous New Zealand publi- 
cations; (e) post-primary bulletins issued by the Education Department; 
(f) interchange with teachers mainly in England and the United States. 


MISCELLANEOUS 


In 1952 botany and zoology will be replaced by biology in the Univer- 
sity Entrance Scholarship Examination. It is probable that this will 
also shortly be done in the University Entrance Examination. 
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NICARAGUA 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Physical and natural science subjects in Nicaragua are compulsory 
in the five secondary classes leading up to the baccalaureate (pupils from 
13 to 20 years of age). Agriculture and zootechnics are taught in the Ist 
class, biology, botany and zoology in the 2nd class, anatomy, physiology, 
hygiene and eugenics in the 3rd class, physics, inorganic chemistry and 
mineralogy in the 4th class, and organic chemistry, geology and cosmo- 
graphy in the 5th class. Three periods a week are devoted to these 
subjects in the Ist and 2nd classes, six in the 3rd, ten in the 4th and 
thirteen in the 5th. 

The same importance is attached to all subjects in both term and 
school leaving examinations. 


AIMS 


The aims of science teaching are to instruct pupils, to develop their 
interests and vocational bent, and to prepare them for the liberal profes- 
sions, as for example medicine, surgery, pharmacy, engineering, agriculture 
and industrial chemistry. 


METHODS 


The methods used in teaching cover both theory and practice. They 
bear some resemblance to those employed in Spain, France and the United 
States. 

Hardly any time is given to active experimentation, on account of 
the lack of laboratories for physics, chemistry or pharmacy. 

Observations are made in class and in nature, and occasionally in the 
laboratories. Use is made of collections of dried plants, drawings, small 
museums, collections and wall charts. Handwork is practised, and from 
time to time visits are made to factories. 

Teachers are free to choose the textbooks they deem the best. 


TEACHING STAFF 


The scientilic, general and professional training of secondary teachers 
is given mainly in the national secondary establishments whose course 
terminates in the baccalaureate in science or arts. Some teachers have 
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been educated in private schools. Others have taken a university course. 
The prescribed qualifications are a degree in medicine, pharmacy, law 
or engineering, or the baccalaureate in science or arts, and the secondary 
teacher’s diploma. 

The same teacher does not teach all the science subjects. This question 
depends on the individual teachers’ experience and qualifications. 

For the purpose of further training there are special courses, lectures, 
conferences, scientific associations, and a number of journals. 


MISCELLANEOUS 


The conference of secondary teachers held in August, 1950 envisaged 
a number of reforms, but these have not yet been translated into practice. 
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NORWAY 


From the reply sent by the Ministry of Education 


PLAcE OF NATURAL SCIENCE IN THE CURRICULUM 


Public secondary education in Norway comprises the realskole, with 
a three-year course, and the secondary school, with a five-year course. 
The first two classes in both these types of school are the same. The 3rd 
(top) class of the realskole and the three upper classes of the secondary 
school are divided into various sections. 

Botany and zoology are taught under the heading of natural history 
in the first two classes of both types of school, and mineralogy and 
geology as part of geography, and physiology as part of chemistry, in 
the 3rd class. 

Biology is taught in the science section of the 4th class of the secondary 
school, the pupils being 17 years of age, and in the language and science 
section of the 5th class. 

All these branches of natural science are compulsory subjects. 

Two periods a week are devoted to natural history (i.e., botany and 
zoology) in the Ist class, and one period in the 2nd class. Three periods 
a week are devoted to geography (including mineralogy and geology), 
and four periods to chemistry (including physiology, to which roughly 
one-quarter of the time allotment is devoted), in the 3rd class. Two 
periods a week are set aside for biology in the science section of the 4th 
class of the secondary school, and four periods in the language and science 
sections of the 5th class. 

In examinations the various branches of natural science are treated 
orally. They are regarded as secondary subjects, and less importance is 
attached to them in both promotion and school leaving examinations 
than to the main, written subjects. Should a pupil get a very bad mark 
for natural science, however, he is required to take the examination in it 
again. In some of the realskole and some of the secondary schools, the 
normal duration of studies is shortened by one year, but no reduction 
in the ordinary examination syllabuses is allowed on this account. 


AIMS 


The aim of natural history teaching is given in the programme of 
studies as being (a) to teach pupils to identify plants and make a collection 
of them, (b) to know something of the more important plant families, 
(c) to know the life of certain land and sea plants, and (d) to have a general 
knowledge of the main zoological families, in particular of the vertebrates, 
and some knowledge of evolution. 
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The aim of biology teaching is to give pupils (a) a basic knowledge 
of the structure and functions of living things, with especial emphasis on 
the evolutionary process, (b) some knowledge of fossils, (c) a knowledge 
of the general character of heredity, (d) a survey of the theory of evolution, 
and (e) a general knowledge of human reproduction. 


SYLLABUSES 


The natural history syllabus covers the following : 

(a) Botany: elementary morphology; extensive knowledge of the 
different species with the aid of botanical exercises ; cryptogams ; families 
of seed plants; difference between cryptogams and seed plants; germi- 
nation, pollination and fertilisation ; assimilation and respiration ; food 
storing and growth. 

(b) Zoology: systematic classification of the various species, and 
more important aspects of the morphology of the various animal families, 
special emphasis being laid on vertebrates, whose anatomy is comparable 
to that of man, on the Norwegian fauna, and on biological aspects ; some 
knowledge of the theory of evolution. 

The mineralogy and geology included in the geography syllabus 
cover: minerals and more important types of mountains; -volcanoes ; 
earthquakes and lava ; river erosion ; ice ; decomposition ; ground water ; 
springs; geological action of wind and sea; earth history, its special 
emphasis on the glacial and post-glacial epochs ; different kinds of arable 
land in Norway. 


The physiology included in the chemistry syllabus covers : foods and 
commodities ; vitamins; hygiene of foodstuffs; bacteria and illnesses ; 
vaccines and serums ; parasites; public health ; nervous system ; mental 
hygiene ; metabolism ; blood and lymph ; internal secretion ; hormones ; 
need for food and air. 

The (secondary school) biology syllabus is as follows : 


(a) Cell structure: cell division, chromosome theory; bacteria ; 
kinds of thallophytes and cormophytes, different phases, careful compari- 
son of ferns with seed plants; protozoa; survey of the various animal 
divisions; heredity; Mendelian theory; monohybrid and dihybrid 
crosses ; determination of sex ; heredity and sex ; practical applications. 

(b) Evolution: history, nature and proofs of the theory of evolution ; 
fossils ; the geological record in relation to man. 

(c) Physiology: interaction of matter and energy; assimilation of 
earbon dioxide and respiration; carbon dioxide and nitrogen cycles ; 
animal metabolism ; hormones; plant and animal reproduction ; human 
reproduction. 


METHODS 


No instructions have so far been drawn up concerning the methods to 
be used in teaching the various branches of natural science. In practice 
the method generally employed comprises explanation and recapitulation 
of a given topic, followed by similar treatment of the next topic, and so 
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on. Pupils are often left to attack a new topic through individual study. 
Formal teaching, and observation and experiment by the pupils, are 
considered as complementary and as forming part of a whole. 

Active work by the pupils is done in the form of observation, drawing 
and describing microscopic and macroscopic preparations, physiology 
experiments which may be begun in one lesson and finished in the next, the 
study of the materials collected by each pupil, observations in the open 
air, the making of collections with materials found on school walks lasting 
sometimes the whole day, and visits to museums. 

The syllabuses refer to the support of formal teaching through pre- 
sentation of the applications of natural science to everyday life, and also 
to the opposite process of theoretical knowledge throwing light on everyday 
affairs, in regard to both national and individual problems of food and 
health. 

Textbooks approved by the Ministry of Education should be used for 
all branches of natural science. Several such textbooks exist for each 
branch, and the various schools are free to choose among them on the 
advice of the teachers concerned. 

For illustrating and complementing natural science teaching all the 
auxiliary aids mentioned in the questionnaire are employed. The choice 
of them is left to the teachers concerned. A revised list of the educational 
films at the disposal of the film centre was issued in June, 1951. 


TEACHING STAFF 


Among the ten subjects taught at the science faculty (mathematics, 
mechanics, physics, chemistry, astronomy, geography, geology and 
paleontology, botany, zoology, and physiology), the prospective teacher is 
required to choose one main and two subsidiary subjects, and to pass, 
after about five years of study, the final examination (embedseksamen) 
conferring the degree of cand. real., and, after an additional year on 
educational theory and practice, the secondary teacher's qualifying 
examination. 

In the bigger schools each branch is usually taught by a separate 
teacher. Parallel classes do not usually have the same natural science 
teacher. 

Natural science teachers can secure further training through teachers 
meetings (conferences and discussions on technical and _ professional 
topics), special vacation courses, articles in the secondary teachers’ journal, 
and in foreign periodicals subscribed to by the school, and occasional 
travelling scholarships. 


MISCELLANEOUS 


For the first time in the spring of 1951 pupils in the new natural 
science section of the five-year secondary school sat for their baccalaureate. 
Greater stress is laid on biology in this section than in the other sections, 
although its programme is not yet definitely established. 
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PAKISTAN 


From the reply sent by the Ministry of Commerce and Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Pakistan under the name of everyday 
science in classes VI to VIII (pupils from 10 to 12 years of age). It includes 
elementary science, physiology and hygiene, biology and agriculture, 
and domestic science and home nursing (for girls). 

Everyday science is compulsory ; three hours a week are devoted to 
the subject in each class. In the revised syllabuses, everyday science is 
also a compulsory subject of the matriculation classes (IX-XI). The 
same importance is attached to it in examinations as to other subjects. 


AIMS 


As laid down in the revised syllabuses of the Punjab, the aims of 
teaching everyday science in classes VI to VIII are (a) to awaken a child’s 
interest in plant and animal life and in natural scenery, (b) to teach him 
how human beings may live in a rational and healthy manner, (c) to 
afford him an opportunity to study the working of the human body 
and the conditions for its healthy functioning, (d) to enhance a child’s 
desire to get to know the world around him and to find an explanation 
of its phenomena, (e) to keep alive and to quicken the spirit of wonder 
and enquiry and to give it appropriate scope for activity, (f) to foster in 
a child an interest in the simple phenomena and inanimate nature in 
earth, air and sky and in the mechanical appliances he meets with in 
everyday life. 


SYLLABUSES 


In addition to elementary physics and chemistry and domestic science, 
the everyday science programme of the Punjab comprises physiology 
and hygiene, and biology and agriculture, the syllabuses for which are 
as follows : 

Physiology and hygiene. Class VI: elementary knowledge of bones 
of chest, arms and legs; circulation of blood in body; composition of 
diet and the function of each constituent ; use of bandages for wounds, 
fractures and dislocated bones. Class VII: digestive and respiratory 
systems of human body ; circulation of blood ; vitamins and their impor- 
tance ; harm done by intoxicants (tea, smoking, alcohol, opium, etec.). 
Class VIII: the human body as fortress : (a) the outer wall, the skin ; (b) 
the watchmen on the wall, the sense organs (sight, hearing, taste, touch 
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and smell) ; (c) the fortress itself : (i) air, respiratory system, (ii) circulatory 
system, (iii) food and its distribution, alimentary system, (iv) sewage, 
excretory system (skin, kidneys, lungs and bowels), (v) defence, bacteria, 
(vi) officers and intelligence, the nervous system. Diseases: causes, 
symptoms and cure of typhoid, measles, ringworm and_ tuberculosis ; 
life history of (a) a mosquito, (b) a housefly ; use of different disinfectants. 
Matriculation classes : hygiene : (1) elementary facts of anatomy and physio- 
logy ; (2) importance of practical hygiene illustrated from mortality 
figures ; (3) personal hygiene; (4) social hygiene ; physiology: general 
organisation of the human body (digestion, absorption, circulation, 
respiration, excretion, sensation and coordination). 

Students are required to have a practical knowledge of topics such 
as: the human skeleton (articulated and disarticulated) ; types of joints, 
natural levers ; viscera in dissected rabbit, dissected specimen of heart, 
trachea, lungs and kidney from goat or sheep; models of eye ball, ear 
and brain ; microscopic appearance of blood ; bone muscles ; radial pulse, 
use of clinical thermometer ; respirations per minute ; microscopic appear- 
ance of a drop of milk, starch grains from potato, iodine test for starch ; the 
general process of digestion, the action of Benger’s liquour peplicus (arti- 
ficial gastric juice) ; use of lactometer ; formation of a real image by convex 
lens, demonstration of the existence ef the blind spot, simple tests for 
short and long sight, and for hearing ; demonstration of reflex action. 


Biology and agriculture. Class V1 (rural areas) : nature and formation 
of soils ; physical constituents of soils and their properties ; behaviour of 
sand and clay as regards absorption and retention of water ; classification 


of soils on the basis of their physical constituents ; a plant, a living body ; 
its parts and their functions (to be studied by actually growing a few 
flowering plants); duration of plants; propagation of plants by seeds 
and vegetative methods ; germination and its essential conditions ; seed- 
testing ; preparation of seed beds; transplantation and its necessity ; 
tillage and intertillage, necessity, implements commonly employed ; 
three kinds of levers and their application in agricultural implements ; 
classification of crops according to their uses and seasons of growth (to 
be studied by actually growing as many crops as possible); insects and 
their distinctive features ; some common insects. Practical work : collec- 
tion of different samples of soil in the vicinity ; raising plants ; rearing of 
an insect; growing of some common flowers; preparing an album of 
leaves and flowers ; practical acquaintance with the working of native 
plough (desi hal) and harrow (sohage). Class VI (urban areas): the theo- 
retical programme is more or less the same as in the rural areas, minus the 
subjects pertaining exclusively to rural life. Classes VII and VIII: 
the programme, in both rural.and urban areas, becomes more and more 
agricultural, and does not contain subjects which are strictly biological. 


TEACHING Mretruops 


There are no official recommendations concerning the method of 
teaching natural science in secondary schools. The science teachers are 
free to follow any of the methods of teaching they learn during their training 
course. 
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Formal teaching demonstrations by the teachers and practical work 
done by the students under the guidance of the teachers go side by side. 

Students perform the experiments included in their syllabus both 
in the laboratories and outside in gardens, etc., wherever they are available. 

The knowledge acquired is expected to be applied to daily life. 

Textbooks are prescribed by the provincial education departments 
for use in the schools. Teachers are expected to cover the courses of study 
laid down for each class. 

School broadcasts and the use of educational films are in the process 
of development. All schools bave libraries, charts and pictures for use in 
the teaching of everyday science. Some schools have museums as well. 


TEACHING STAFF 


Science teachers in secondary schools are required to be science 
graduates or undergraduates with a training degree or certificate. Science 
teachers specialize in the teaching of science during their course of training. 

The same teacher teaches all the natural science subjects. 

Refresher courses for teachers of science are in the process of organi- 
sation. Science teachers’ associations exist whose objective is also to 
improve the teaching of science. 


MISCELLANEOUS 


The syllabuses for primary and secondary schools have either been 
revised or are under revision by the provincial education departments. 
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PANAMA 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Panama at both stages of secondary 
education. Each stage is a three-year one. The pupils of the first stage 
are from 13 to 16 years of age, and those of the second from 16 to 19. 

At the first stage natural science is taught in the first two classes, for 
five periods a week. At the second stage general science is taken in the 
4th class, botany in the 5th and general biology in the 6th, for five periods 
a week in each case. Two-fifths of the time for both botany and biology 
is devoted to laboratory work. 

In all examinations the same importance is attached to natural 
science as to other subjects. 


AIMS 


The aims assigned to natural science teaching in secondary schools 
are (a) to foster an understanding of scientific discoveries and (b) of some 
of the methods by which they have been made, (c) to develop the capacity 
and the desire to make use of these discoveries and methods, (d) to develop 
a scientific attitude of respect for the truth and for scientific methods, and 
an open mind towards new discoveries, (e) to train pupils to become good 
citizens capable of cooperating actively in the struggle to stamp out and 
prevent disease in their community, and (f) to develop a power of judgment 
which will help pupils to choose their vocation and to make good use of 
their leisure. 


SYLLABUSES 


The botany and general biology syllabuses for the second stage of 
secondary education are very similar to those of all secondary schools in 
Central and Seuth Anterica. 

The natural science syllabus for the first stage is divided into “ units *’, 
as follows : 

Ist class: what science is, and what it contributes to modern life ; 
relations between living creatures and their environment; water; air; 
sun, an essential factor for life. 

2nd class: what man has learnt from the history of life ; how living 
things use energy ; what health is; how the continual metamorphosis of 
civilisation has destroyed the balance of nature; how man has gained 
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increasing control of his environment; how warmth is used; the world in 
which we live is a world of energy ; characteristics and different forms of 
energy ; forms of radioactive energy ; how man improves plant and animal 
species and varieties ; how the human organism functions ; whether man 
makes the best use of his scientific knowledge. 


METHODS 


Official recommendations exist concerning the methods to be used 
in teaching natural science subjects. The following are recommended : 
lectures, questions and answers, textbooks or roneographed summaries, 
exercises taken from the textbooks, pictures, observation, experimentation, 
demonstration, individual laboratory work, problems, supervised study, ete. 

Great importance is attached both to theoretical teaching, and to 
observation and active experimentation by the pupils. Experimentation 
by the pupils is unfortunately restricted by lack of equipment at the 
first stage of secondary education, but is fairly satisfactory at the second 
stage. 

All experiments in class are made by the teacher in the form of a 
demonstration, at the first stage. The pupils themselves do experiments 
at the second stage. An important place is given to practical applications 
to everyday life. 

The programme of the first stage is based on “‘ A Survey of Science 
for Junior High Schools "’, by Powers, Neumer and Bruner, a book recom- 
mended to teachers. As the book is in English, some teachers make 
roneographed summaries from it and distribute them to their pupils at 
the beginning of the school year. There is a lack of natural science textbooks 
by Panama authors. 


TEACHING STAFF 


Secondary teachers of natural science have taken a course at the 
University of Panama, covering at least five years, and with specialisation 
in science subjects, in particular biology, physics and chemistry. They 
are in addition required to have done 24 hours of professional training 
covering general methods, mental hygiene, special methods, psychology 
of adolescence, educational psychology, philosophy of education, and 


‘ 


general psychology. The prescribed qualification is “‘ secondary teacher 
with specialisation in biology and chemistry ”’, and is held by teachers 
of the first category. 

Should no teachers of the first ¢ategory be available, a teacher of 
the second is chosen. The latter may be a university graduate in science 
or pharmacy, who has not taken a professional course and has thus had 
no training for teaching. 

Formerly teachers were required to hold only the secondary diploma. 
The few remaining teachers in this category retain their posts on account 
of their seniority. 

The various natural science subjects are taught by different teachers. 
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For the purpose of further training, scholarships are occasionally 
awarded, and teachers sometimes proceed to the United States on a 
travel scholarship or at their own expense. An ungraded teacher can 
take an evening further training course at the University of Panama. 


MISCELLANEOUS 


In accordance with a recommendation made by secondary teachers 
of natural science to the Ministry of Education, it is expected that in the 
coming year the natural science syllabus of the first stage will be spread 
over three years instead of the present two years, as through lack of time 
no teacher now manages to complete this syllabus. In February, 1951 
the same teachers also sent recommendations to the Ministry concerning 
the unification of teaching and the preparation of textbooks for the first 
stage. 
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PERSIA 


From the reply sent by the Ministry of National Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is a compulsory subject in Persia in the six classes 
of the secondary schools, the pupils being from 14 to 25 years of age. 
Two periods a week are devoted to it in the first five classes, and eight 
hours in the 6th class. 

The same importance is attached to natural science as to other 
subjects. 


AIMS 


The aim of natural science teaching is to raise the general level of 
knowledge. 


SYLLABUSES 


The natural science programme is divided up as follows: Ist class. 
Botany : root, stem, leaf, flower, reproduction of plants, kinds of plants. 
Hygiene ; water and food. 

2nd class. Zoology : digestion, blood circulation, respiration, nerves, 
the five senses, bodily tissues, bones, muscles, kinds of animals. Hygiene : 
respiratory system, ear, eye and nose, and the home. 

3rd class. Geology : kinds of rocks ; winds ; earth changes. Hygiene : 
illnesses and ways of preventing them. 

4th class. Physiology: digestion, respiration and the respiratory 
system ; blood circulation, nerves, muscles, bones ; physiology of animal 
organs. 

5th class. Plant anatomy and physiology ; rocks, geological eras 
and epochs. 

6th class. The 4th and 5th class syllabus in detail ; evolution ; geo- 
logical epochs. 


METHODS 


The recommendations on methods for the teaching of natural science 
cover experiment, observation and formal teaching. Wherever possible 
the latter should embrace experiment and observation. The majority 
of secondary schools are equipped with laboratories. Excursions, natural 
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features and museums are made use of, but the importance of formal 
teaching is not lost sight of. 

Observation and experiment are conducted with the help of experi- 
ments in class, drawing, the school museum, collection and visits to 
factories and various institutions. Use is made of pictures, plants, 
specimens, etc. 

The natural science syllabus includes references to everyday 
applications of natural science. 

Textbooks based on the official syllabus are adopted on the advice 
of the teachers concerned. 


TEACHING STAFF 


Each year the natural science section of the higher training college 
in Teheran provides a contingent of qualified teachers for the secondary 
schools. 

The various branches of natural science are taught by the same 
teacher. 

No means of further training are provided for natural science teachers. 


MISCELLANEOUS 


The secondary school curriculum as a whole is now being revised 
by the Ministry of National Education. 


A number of books have been published by teachers and specialists 
on the various branches of natural science. 
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PERU 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


The secondary course in Peru is a five-year one, and the minimum 
age of admission is 12 or 13 years. Natural science subjects are compulsory 
in the first three classes. Botany is taught in the Ist class, for two periods 
a week, zoology in the 2nd class, for two periods a week, and a combined 
course embracing anatomy, physiology and hygiene in the 3rd class, for 
three periods a week. 

The same importance is attached to natural science subjects as to 
the other subjects in the curriculum. 


AIMS 


The aim of natural science teaching is to give pupils a better under- 
standing of nature through knowledge of it. In biology the topics are 
presented in an objective way, and pupils are thus introduced to kno wledge 
of the species and to the use that can be made of it. The particular objective 
of the anatomy course is to introduce pupils to the structure and functions 
of the human body, and the prevention of certain illnesses. 


SYLLABUSES 


The botany course covers the different parts of a plant and a general 
study of flowering and flowerless plants. 

Zoology comprises the study of ten families and their general charac- 
teristics. 

In the anatomy, physiology and hygiene course, a study is made of 
the principles of human anatomy and physiology on the basis of elementary 
knowledge of the cell, tissues, organs, systems and senses. 


METHODS 


Instructions concerning methods and procedures for natural science 
teaching are contained in the secondary curricula. In order to make 
teaching concrete three kinds of material are used: material found in 
museums, material prepared by the teacher for a given lesson, and material 
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gathered by the pupils. Experiments are made in certain cases. For 
botany, plants are grown and collections made of dried plants. 

Theoretical teaching is given at the same time as concrete and 
experimental teaching. Use is made of all means available at the school. 
Schools possess collections, wall charts and pictures, living and preserved 
specimens, etc. Pupils are taken on excursions into the country. Each 
pupil has a notebook and makes collections for each course. 

The anatomy, physiology and hygiene course has the practical aim 
of prevention of illness and general hygiene in reijation to nutrition, climate, 
clothing, ete. 

There are no special textbooks for natural science teaching. Pupils 
may use the books in the school library. Each pupil, moreover, has a 
notebook, as mentioned above, which he uses for reference and study. 


TEACHING STAFF 


Secondary teachers have a scientific and professional training. They 
study at the university for their specialist secondary teacher's diploma 
in arts, science, mathematics, etc. They may in addition take a doctorate 
in education. 

The various natural science subjects are generally taught by the 
same teacher. This a question which depends to some extent, however, 
on a teacher's number of hours. If he has, for example, 24 hours of botany, 
then he will teach only this subject. 


It often happens that the teachers of a given subject meet together 
in order to discuss ways of improving their teaching. 
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PHILIPPINES 


From the reply sent by the Division of Cultural Activities of the Department of Foreign Affairs 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


General science and biology are taught in most types of Philippine 
secondary schools, which pupils normally enter at the age of 13 vears. 

General science is taught in the Ist year of the general secondary 
schools and of the four-year secondary trade schools, and in the 2nd year 
of the secondary agricultural and rural high schools for boys and girls, 
of the secondary normal schools and of the secondary fishery school. 
Three and a half hours a week are devoted to the subject in each of these 
types of schools. 

Biology is taught in the four years of the secondary agricultural and 
rural high schools (under the name of “ horticulture and agronomy ”, 
which includes plant biology, and of ** animal husbandry ”’, which includes 
animal biology), and in the 3rd year of the general secondary schools, of 
the four-year secondary trade schools (only for girls), of the secondary 
normal schools, and of the secondary fishery school. 

In each of the four years of the agricultural and rural high schools, 
5 hours 20 minutes per week are devoted to horticulture and agronomy, 
and 1 hour 20 minutes to animal husbandry. 

In the general secondary schools, the four-year trade schools and the 
secondary normal schools, 6 hours 40 minutes per week and, in the second- 
ary fishery school, 3 hours 20 minutes per week, are devoted to biology. 

General science and biology as given above are required subjects in 
the curricula of the different types of schools. 

They are given the same importance as other subjects in promotion 
examinations and in accreditation for graduation from the secondary 
schools. 


AIMS 


The aims of general science teaching are: (1) to make students 
understand that science can change man’s natural environment, his 
social environment, and his intellectual life ; (2) to develop the scientific 
method as a way of thinking; (3) to develop such broad concepts and 
natural laws as the law of gravitation, conservation of energy, and others, 
to the end that science and reality may function in the place of superstitions 
and ignorance ; (4) to foster an increasing appreciation and interest in 
science ; (5) to develop skills and attitudes which which enable pupils 
to find intelligent solutions to consumers’ problems. 





PHILIPPINES 157 





In accordance with the suggestions and recommendations on science 
education in American schools, of the Progressive Education Association 
and the National Society for the Study of Education (1947), the aims of 
the teaching of biology are: (1) to develop functional understanding of 
the fundamental biological facts and principles that will help the students 
solve science problems of social significance that may be found in broad 
areas of human experience, such as health, community sanitation, eugenics, 
conservation, consumption, etc. ; (2) to develop instrumental skills—ability 
to read and understand science content, simple manipulatory activities 
with laboratory equipment, interpretation of graphs, charts, data, 
diagrams, and drawings, use of libraries and other sources of information 
—which should function in the daily activities of the students; (3) to 
provide opportunity and practice in the use of the elements of scientific 
method in the solution of biological problems and other problems which 
confront the students in their daily life ; (4) to cultivate scientific attitudes 
and methods of procedure which will lead to constructive action in the 
solution of personal and social problems; (5) to stimulate and foster 
abiding appreciation and interest in science ; (6) to help the students 
understand consumers’ activities to the end that they may become more 
intelligent in the choice of commodities and services ; (7) to enable the 
students to understand more readily the fundamental biological and 
scientific information found in the newspapers and magazines. 


SYLLABUSES 


The principal topics of general science are grouped into units under 
the following titles: getting acquainted with science; science in the 
home; man’s use and control of air; heat, its use and control; water 
and its use ; winds, weather, and climate ; the sun, the earth, and other 
heavenly bodies ; uses of food ; the body and its care ; the use and control 
of electricity ; from human hands to machines ; transportation and com- 
munication ; conservation; what additional things science may do for 
the world. 

The units of biology are presented in the way of problems : How does 
biology help you in approaching personal and biological problems ? How 
does the study of biology help you to know some of the living plants in 
your surroundings ? How may you recognize the animals without back- 
bones? with backbones? How do living organisms depend upon one 
another, are they related and adjusted to an ever-changing environment, 
can they obtain, manufacture, and use food for the maintenance of life 
and the promotion of health? How does the study of biology help you 
detect and solve personal and social health probiems ? How does biological 
knowledge help us avoid health hazards and meet physical injuries and 
emergencies ? How may the laws of heredity be applied to the improvement 
of living things? How may you use biological knowledge in choosing 
your life career? How may natural and human resources be conserved ? 
How does biology acquaint you with living things of the past and the 
changes that have occurred ? 
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METHODS 


Suggestions on teaching procedure are made in the course of study, 
such as: “ The teaching procedure suggested here (for general science) 
is the so-called unit-mastery technique. The teachers may, however, use 
other methods which they consider just as effective. The unit-mastery 
plan is considered one the best methods for effective teaching in general 
science. The mastery formula is: Pre-test, teach, test the result, adapt 
procedure, teach, and test again to the point of actual learning. The 
steps involved are as follows: (1) exploration; (2) presentation ; 
(3) assimilation ; (4) organisation; (5) recitation.” 

For biology the unit-plan technique, with its different steps, is also 
strongly recommended. 

In general science, approximately 70°, of the total time allotment 
is given to formal teaching, and the rest to observation and experiment. 
This distribution is due to the fact that : (1) experiments in general science 
are introduced for purposes of illustration rather than to promote investiga- 
tion or inquiry ; (2) few written laboratory experiments are required ; 
(3) inadequate equipment due to ravages of war and budgetary limitations 
necessitates the use of the demonstration method of laboratory work. 

In biology, approximately 60°, of the total time allotment is devoted 
to formal teaching, and the rest to observation and active experimentation 
by the pupils. 

All the activities mentioned in the questionnaire are practised to 
some extent to carry out observation and experimentation. 

In community schools students, teachers and parents, in fact, the 
whole community, have many opportunities to apply scientific knowledge 
acquired in schools to improve living conditions and to beautify the 
surroundings of the community. 

The officially established board on textbooks is entrusted with the 
selection and approval of textbooks for the public schools. The board 
may use the services of teachers to help in the selection. 

Apparatus, natural objects, collections, pictures, charts, models 
(imported, or made by the students), books in the school library, and 
school museums are used as aids to teaching. 


TEACHING STAFF 


Natural science teachers should possess the degree of Bachelor of 
Science in Education, or another college degree, with a major in the 
particular science subject. 

As a general rule each teacher teaches either general science or biology, 
but in many cases a science teacher may teach one class in general science 
and two classes in biology or vice versa. The latter case is usually to be 
found in small provincial high schools. 

Teachers are encouraged to read professional books and education 
journals which they or the schools may subscribe to or purchase. 
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PORTUGAL 


From the reply sent by the Ministry of National Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Portugal at all three stages of the second- 
ary school curriculum (secondary education proper) and at the stage of 
preparation for vocational education. 

It appears on the programme of each of the seven secondary school 
classes. At the first stage (lasting two years, pupils from 10 to 12 years 
of age), it is designated “ geographic-natural sciences"’, and taught 
compulsorily for four periods a week. At the second stage (lasting three 
years, pupils from 13 to 15 years of age), it is designated “ natural sciences”’, 
and taught compulsorily for two periods a week. At the third stage 
(lasting two years, pupils from 16 to 17 years of age), it is taught, under 
the headings of biology and geology, for five periods a week, compulsorily 
for pupils intending to specialise and optionally for other pupils. 

At the two-year stage of preparation for vocational education, it 
is designated “* geographic-natural sciences’, and taught compulsorily 
for four periods a week. 

Natural science ranks equal with other subjects in promotion examina- 
tions, and in school leaving examinations for pupils taking it compulsorily. 


AIMS 


According to official instructions, the aim of natural science teaching 
is to develop a child’s power of observation and his natural tendencies 
through a constant appeal to his curiosity and interest, and to encourage 
his personal initiative, but without failing to imbue him with a spiritual 
attitude of admiration towards natural phenomena. 

In teaching a pupil to observe and experiment, teachers should be 
objective, so as to enable him to think and reason correctly. At the first 
stage knowledge should be presented in its most elementary form, serving 
only as basis for knowledge imparted at later stages. The quantity of 
information given should thus be regulated so as to reach the desired 
kind of training at the third stage. 

At the stage of preparation for vocational training, the aim is officially 
defined as being (a) to give a pupil an integral view of the physical realities 
of his environment, corresponding to his age and mental capacities, 
(b) to stimulate his interest in natural phenomena, organisms and forces 
and the principles and laws governing them, and (c) to acquaint him 
with the most usual ways of employing natural products and forces in 
man’s service, with a view to developing his practical abilities as a producer. 
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SYLLABUSES 


The secondary natural science syllabuses are as follows : 


First stage. In the Ist class, geography predominates, with physics 
and chemistry as auxiliaries. 

In the 2nd class, simple ideas are given about living substance, the 
activities of cells and tissues, and the necessity of nutrition, respiration, 
secretion, excretion and reproduction. A simple presentation is made 
of certain animal and plant families, with references to their various 
functions. The syllabus also includes : living things and the environment ; 
water, oxygen, carbon and nitrogen cycles ; influence of soil, air and water 
on landscape and on living things and their distribution; influence of 
living things, man in particular, on the environment ; human settlements, 
transport, social life, towns, peoples and nations. 


2nd stage. In the 3rd class, zoology and botany are taught. Zoology 
comprises the elementary morphology of some vertebrates, and botany 
that of some spermatophytes, on the basis of specimens placed before 
the pupils. 

In the 4th class, mineralogy is added to zoology and botany. Mineral- 
ogy comprises : crystals and crystallisation ; brief study of the physical 
properties of minerals and examination of specimens. Zoology covers : 
external and some internal characteristics of invertebrates ; systematic 
study of the animals taken by types and classes; economic zoology : 
useful and harmful animals; principal raw materials of animal origin ; 
domestic animals and the value of raising them; fishing as a source of 
wealth. Botany comprises: elementary morphology of some flowerless 
plants, wherever possible on the basis of specimens ; comparison of the 
plants studied, with a view to their classification; economic botany : 
useful and harmful plants; principal raw materials of vegetable origin 
(nutritive, industrial, medicinal plants, etc.). 

In the 5th class, the study of mineralogy and botany is continued. 
Mineralogy comprises: meaning of the term “rock”, and main kinds 
of rocks (igneous, sedimentary and metamorphic) ; fossils ; some rocks 
and their usefulness to man; agricultural properties of soils, according 
to geological origin. Zoology covers: animal cells and tissues; organs 
and systems ; functions; elementary human anatomy and physiology ; 
hygiene. Botany covers : elementary study of plant cells and main tissues ; 
elementary anatomy of reproductive organs of spermatophytes ; elem- 
entary plant physiology; nutritive processes; plant movement. 


3rd stage. Teaching at this stage covers theory and practical work 
in geology and biology. 

In the 6th class, geology comprises : theory : seme laws and systems 
of crystallography ; holohedral and hemihedral crystals ; isomorphism 
and polymorphism; pseudomorphism; main minerals in Portugal ; 
outcrops, situation and use ; practical work: examination of specimens 
(elementary symmetry and classification of forms); identification of 
minerals from their physical properties. 
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In the 7th class, geology comprises : theory : the earth ; constitution ; 
rock ; classification of most important rocks ; elementary geodynamics ; 
relative ages ; paleontology ; fossils, modes of fossilisation, and kinds of 
facies ; division of earth history into eras and periods; practical work : 
map of Portugal; examination and brief description of rocks and fossils 
studied in theory lessons. 

In the 6th class, biology comprises : theory : general characteristics 
of living things and their division into animals and plants ; characteristics 
of protoplasm; ferments and their physiology; cell morphology and 
physiology ; types of nuclear division ; cell differentiation ; revision and 
continuation of plant tissues ; elementary comparative study of specimens 
of some typical flowerless plants and of their modes of reproduction ; 
bacteria and mushrooms, importance of their biological processes ; pro- 
tozoa ; parasitic protozoa; malaria and sleepy sickness; different kinds 
of metazoa ; practical work: theory and use of microscope ; technique 
of preparing and staining slides; examination and drawing of slides ; 
dissection and anatomical study of some invertebrates. 

In the 7th class, biology comprises : theory : flowers ; pollination and 
fertilisation ; alternation of reproductive and nuclear phases in the plants 
studied ; fruits; seeds; dissemination and germination ; multiplication ; 
plant tissues (cont.); reproduction of protozoa and metazoa; sexual 
glands and cells ; ova ; embryonic development ; post-embryonic leaflets ; 
external morphology ; anatomy and physiology of some animals of different 
classes; study of the human body (cont.) and comparison with other 
vertebrates ; variation ; heredity ; Mendelian laws ; chromosome theory ; 
improvement of plants and animals; human heredity ; transformism ; 
systematic biology, elaboration of facts learnt ; practical work : comparative 
dissection and anatomical study of animals in each class ; sexual cells of 
some vertebrates ; experimental verification of Mendelian laws ; classifica- 
tion of some vertebrates of Portuguese fauna; sections of ovaries and 
anthers; examination of ovules and pollen; germination; tropisms ; 
experiments on plant physiology; classification of spermatophytes of 
Portuguese flora. 

Pupils learn to use microscope and scalpel ; they dissect and analyse, 
and establish connections and systematise. 

At the stage of preparation for vocational education, under the 
heading of “‘ geographic-natural sciences "’, pupils study: water, oceans 
and flowers; air; the earth’s crust and its relief and form; the earth 
and other planets ; rocks; plants; animals; man; fire. 


METHODS 


The secondary curriculum contains a number of suggestions on the 
methods to be employed in teaching at each of the three stages. Activity 
methods. based on observation and experiment, predominate at the first 
two stages, and theory and a tendency to ally theory with individual 
experiments at the third stage. 

At the first stage teachers concentrate on guiding experience, on 
stressing what seems to them of importance, and on giving in addition a 
suitable synthesis, given the low ages of the pupils, of what has been learnt. 
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At the second stage, observation and experiment continue to pre- 
dominate, but the informative aspects of teaching begin to be stressed. 
Use is made of wall charts, models, diagrams, lantern slides, photographs, 
etc., and in this way the teaching remains objective. 

At the third stage, practical work has a definite place alongside the 
theory lessons in which the active role falls almost entirely to the teacher. 
The laboratory method is used, for the first time, to prepare pupils for 
future laboratory work. 

Observation and experiment are effected through experiments in 
class, laboratory experiments, organising school museums, individual 
collections, excursions, visits to various undertakings, drawing, handicrafts, 
gardening, etc. 

At the stage of preparation for vocational education, official recom- 
mendations on the method of the “‘ geographic-natural sciences ’’ prescribe 
observation and experiment by the pupils themselves. The methods 
adopted for all subjects, moreover, at this stage are based on Dalton and 
Winnetka principles, and are fully up-to-date. Their introduction dates 
from 1947. 

Mention should be made of the practical applications of knowledge 
at the same time as the knowledge is imparted. Textbooks should contain 
references to the hygiene of nutrition and clothing, protection against 
certain harmful foods and against disease germs, etc. 

The use is recommended of textbooks that most closely correspond 
to the desired methods and aims. In the rare cases where such textbooks 
are not available, teachers should proceed in the way they deem most 
likely to attain the desired aim. 

The most common auxiliary aids in use in the majority of schools are 
school libraries, live or museum specimens, wall charts, apparatus, models, 
collections, photographs, and filmstrips or films. In the better equipped 
secondary schools, use is made of foreign films and of broadcasts. Official 
instructions recommend that such aids be largely employed. 


TEACHING STAFF 


Secondary teachers have a university scientific and professional 
training, completed by a two-year practical course at the Dom Joao 
secondary training college at Coimbra. They hold a degree and the teaching 
diploma awarded by the secondary training college. 

Teachers of the “ geographic-natural sciences "’ at the stage of prepara- 
tion for vocational training are recruited from among the holders of 
various higher education certificates (mathematics, mineralogy, geology, 
geography, paleontology, topography and cartography, zoology and 
botany). Such teachers before becoming qualified are required to do two 
years on probation in one of the schools concerned, and to pass a State 
examination. 

Each natural science teacher may be required to teach the subject 
at any of the secondary stages. In practice it is the duty of the headmasters 
to assign any given teacher to the classes or stage best suited to his abilities 
and personality. 
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Any teacher so desiring may obtain further training at the secondary 
training college. It organises educational conferences at which teaching 
problems are freely discussed. Teacher exchanges are also officially 
approved and encouraged, between the capital and the overseas territories 
and adjacent islands. For the purpose of such exchanges travelling 
scholarships and salary increases are granted. A number of factors, 
however, such as the unstandardised nature of teacher status and holidays 
during the hot season, militate against the development of these exchanges. 

Assistance is given vocational teachers by the vocational education 
inspectors. The latter organise course committees and other meetings, 
for the study and improvement of teacaiag methods, which are generally 
confined to the teachers at the stage of preparation for vocational education. 
Other official bodies are concerned with additional means to further 
training (associations, study scholarships, etc.). 
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SALVADOR 


From the reply sent by the Ministry of Culture 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


In Salvador, biology is taught in the three classes of the junior secon- 
dary stage, for four periods a week in each class. Anatomy, physiology and 
hygiene are taught in the first class of the senior secondary stage, for three 
periods a week. 

These subjects are compulsory ones, and the age range of the pupils 
taking them is from 14 to 17 years. The same importance is attached to 
them in promotion examinations as to other subjects, and special impor- 
tance in school leaving examinations in the case of pupils intending to 
take a natural science course at the university. 


AIMS 


The aim of natural science teaching is to impart the essential ground- 
work of knowledge, and to develop aptitudes and interests which will help 
in the choice of a career. 


SYLLABUSES 


The natural science syllabus is as follows : 

Junior stage. Biology. Jst class: external and internal morphology, 
study of typical specimens of the flora and fauna of Salvador. 2nd class: 
animal and plant histology ; functions, mode of life and the environment ; 
nervous system, skeleton and muscles. 3rd class: mutation and its causes ; 
evolution of the earth and of life ; animal and plant fossils. 

Senior stage. Anatomy, physiology and hygiene. Jst class: osteology, 
myology, nervous system, respiratory and digestive systems, nutrition, 
basic foods, elementary dietetics, urinary organs, genital organs, sense 
organs, glands of internal secretion; vitamins, animal warmth, bacteria, 
water, food and infection, purification and disinfection of water and food. 


METHODS 


Teachers are advised to stimulate and develop their pupils’ aptitude 
for observation and experiment through individual and group work, 
preference being given to the latter in order to encourage cooperation. 
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For work outside the classroom the following are recommended: note- 
books for drawing and sketching flowers, leaves, stems, etc; making 
individual collections of dried plants; keeping notes on the questions 
studied, with statistical information and diagrams for comparison ; school 
collections and museums ; handwork ; excursions. 

Equal importance is attached to theoretical teaching and pupils’ 
observations and experimentation. Attention is paid to the practical 
applications of natural science to everyday life. 

Teachers are recommended to make use of works of reference, and 
monographs are drawn up on the questions dealt with. Use is also made 
of the books in the school library. 

Salvador has an auxiliary aids department with a number of educa- 
tional films at its disposal, a large proportion of which deal with physics- 
chemistry and natural science subjects. 


TEACHING STAFF 


Natural science teachers in secondary schools have not received 
special training. The subject may be taught by graduates from the training 
college or secondary school, who have passed a preliminary examination. 

Provision for further training is made in the form of lectures and 
conferences. 


MISCELLANEOUS 


A directorate for mathematics and science teaching was established 
in January, 1951. Intensive further training courses for secondary teachers 
are now being prepared. The programme of the arts faculty of the auto- 
nomous university of Salvador includes a training course for specialist 
secondary teachers of mathematics and natural science. 
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SPAIN 


From the reply sent by the National Council of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Spain in the Ist, 2nd and 3rd years, and 
the 6th and 7th years, of the secondary high schools, the pupils being 
from 10 to 13 and 15 to 17 years of age. Two periods a week are devoted 
to the subject. 

The same importance is attached to natural science as to other sub- 
jects, and it is included in State examinations. 


AIMS 


In all the classes in which it is taught, an endeavour is made to present 
natural science, not as a series of isolated, unrelated facts, but as a totality 
of closely articulated problems reflecting the unity of nature. 

The elementary knowledge gained in the first three years serves as 
basis for the more advanced and detailed study of natural phenomena 
made in the final two years. Emphasis is laid on geology and biology, but 
the elementary knowledge of physics and chemistry necessary for under- 
standing geology and biology is not neglected. 


SYLLABUSES 


The main points in the natural science programme are as follows : 


Ist year. Solids, liquids, and gases. Earth, water, and air. Natural 
gases. Common liquids. Heat and temperature. Transformation of 
substances under the influence of heat. Composition of the earth’s crust. 
Rocks and minerals. Elementary anatomy of a flowering plant. Ele- 
mentary external morphology of vertebrates. Human skeleton. Levers 
and pulleys. 

2nd year. ‘Transformation of substances. Evaporation, boiling point, 
liquefaction. Humidity of the atmosphere. Action of humidity on com- 
mon metals. Wind, rain. Elementary electricity. Magnetism, the compass, 
mines. Water level. Irrigation. Study of a phanerogam. Elementary 
plant and animal morphology. 

3rd year. Commoner chemical symbols. Atomic weight. Elementary 
geological formations (sedimentary rocks in particular). Internal geological 
agents. Earthquakes and voleancoes. Reflection and refraction of light, 
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mirrors, lenses, the microscope. The cell as basic biological structure. 
Tissues and organs. Bacteria. Functions of the digestive, respiratory and 
circulatory systems. Blood, lymph. Functions of nervous system. Sense 
organs. History of the earth, fossils. 


6th year. Mineralogy: crystallography, common minerals. Botany : 
nomenclature and biological taxonomy; plant tissues; main families 
of plants; mushrooms (biological and economic aspects). Zoology : 
tissues ; main families of animals ; insects in relation to cultivated plants ; 
invertebrates, with special reference to their biological and economic 
vertebrates ; human beings, human races. 

7th year. Dynamic geology; elementary morphology; _ relief of 
Spain and hydro-electric resources; geology ofthe Iberian peninsula; 
petrography ; classes of rocks; soil in relation to agriculture. Proto- 
plams. Cell division. 


METHODS 


During the first three years, textbooks are used as little as possible. 
Teachers should endeavour to bring their pupils into direct contact with 
nature through the observation of natura! phenomena, simple experiments, 
excursions, etc., and, while keeping their lessons at a suitable level, to 
stimulate their pupils to think logically about living things. Pupils should 
be led to feel dissatisfied with purely formal and superficial descriptions, 
and accustomed to using a wide and precise scientific terminology. 

As for other subjects, the textbooks used for natural science must 
first be approved by the Ministry of National Education in consultation 
with the National Council of Education. 

The generally used auxiliary aids consist of apparatus, specimens, 
collections, excursions and visits, and films. 


TEACHING STAFF 


Secondary teachers of natural science are required to possess a natural 
science degree. 

All branches of natural science are taught by the same teacher, while 
physics and chemistry are taught by a different teacher. 

Further training is provided in the form of teacher exchanges, lectures, 
and courses for which scholarships and grants are available. 


MISCELLANEOUS 


When the secondary reforms now under consideration are imple- 
mented, changes will be made in natural science teaching. 
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SWEDEN 


From the reply sent by the General Directorate of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Swedish secondary schools have two main stages: the realskola and 
the gymnasium. The realskola has a five or four years’ course, according 
to whether it is attached to the 4th or the 6th class of the communal 
primary school, pupils being admitted at 11 or 13 years of age. The 
gymnasium (pupils enter at 15 or 16) has a four or three years’ course, and 
has a semi-classical and a modern section ; in the two top classes there is a 
differentiation of subjects (the differentiated gymnasium), i.e., pupils have 
the possibility of choosing a given group of subjects. Such a group consists 
of compulsory subjects, on the one hand, common to the whole section, 
and of optional subjects (tillvalsiémnen) on the other. 

Natural science is taught in all sections and classes, but is omitted 
from five of the eleven groups of optional subjects in the differentiated 
gymnasium. 

Natural science comprises geography (including geology), biology 
(including botany, zoology, physiology, anatomy and genetics), physics 
(including astronomy), and chemistry (including mineralogy) '. 

Two hours a week are generally devoted in each class of the realskola 
to each branch of natural science, and from one to three and a half hours 
in the gymnasium. 

Natural science is a compulsory subject in all sections and classes, 
except so far as the groups of optional subjects in the two top classes of the 
gymnasium are concerned. 

In both promotion and school leaving examinations the same impor- 
tance is attached to natural science as to other subjects. 


AIMS 


The aim of teaching biology and hygiene in the realskola is to give 
pupils a knowledge, based as far as possible on their own observations, of 
the bodily structure of human beings and other living creatures, of their 
modes of life, and of the life in common and interdependence of various 
organisms, and to teach pupils about health. 

Biology teaching in the gymnasium is also based as far as possible 
on the pupils’ own observations, and aims at giving them knowledge of 


1 Of these subjects, only biology will be cealt with here, since geography, 
physics and chemistry have been or will be the object of separate enquiry. 
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the organisation and modes of life of living things. Special effort is made 
to give them an idea of the theory of evolution and that of heredity through 
an emphasis on those aspects of the subject which are of great practical 
importance for man. Teaching also aims at making pupils familiar with 
the ways of leading a healthy life. 


SYLLABUSES 


The biology syllabus comprises human anatomy and physiology, 
hygiene, botany (including plant physiology), zoology, ecology, genetics, 
comparative anatomy and the theory of evolution. 


METHODS 


Official recommendations concerning the methods to be employed 
in the teaching of natural science stress among other things the importance 
of basing the teaching of theory on direct observations. 

Such observations are made in the form of experiments in class, 
laboratory work by small groups of pupils, and work in the school garden 
and in the room set aside for the school biological, geological and mineralo- 
gical collections. Many secondary schools have facilities for the cultivation 
of the plants needed for experiments, and aquaria and sometimes terraria. 
Excursions are recommended for the study of geographical, botanical 
and zoological phenomena. Frequent visits are made whenever possible 
to museums, factories, laboratories, nurseries, farms, botanical gardens, 
etc. Pupils belp to make simple preparations, models, charts, collections 
of dried plants, etc. Pupils are encouraged to increase their knowledge 
during their spare time through reading and nature study. In the diffe- 
rentiated gymnasium (the two top classes) the “ special task "’, which is 
compulsory, may on occasion be the first step in the direction of inde- 
pendent scientific investigation. 

Systematic use is made of observations and everyday experiences, in 
presenting the various aspects of a topic. The pupils’ experiences and ideas, 
especially in the lower classes, form the starting point for a study o any 
given problem. This is not, however, a general method. Theory and practi- 
cal work, textbook and observations, and school and everyday experiences 
all play a part in the use of methods which are sometimes inductive, 
sometimes deductive. Each teacher exercises great control over the choice 
of methods through the conference of teachers of any given subject. 

Textbooks are used at each stage for each branch of natural science. 
Such books must be chosen from the official list drawn up by a govern- 
ment committee acting in consultation with experts. A textbook may not 
be changed without permission from the central office. 

Swedish secondary schools are generally very well equipped for the 
teaching of natural science. Lessons usually take place in special rooms or 
premises. For biology, for example, there may be a room for study, a 
laboratory, rooms for collecting and cultivating plants, and a school 
garden. Schools often possess large and valuable collections of stuffed 
and preserved animals and parts of animals, skeletons, botanical prepa- 
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rations, collections of dried plants, charts, microscopes, a_ projector, 
aquaria, etc. In many provincial secondary schools collections of this kind 
often serve as regional museum. 

An inventory must be made of all materials. No detailed instructions 
exist as to their quantity, but general recommendations stress their 
importance. 

All well provided institutions have a specialist library. Some secondary 
schools buy or loan educational films. Many possess a projector for 16 mm. 
film, but this aid to teaching has so far not met with much success. 


TEACHING STAFF 


A qualified natural science teacher in a secondary school is required to 
have passed, in addition to the baccalaureate, an examination roughly 
corresponding to the fellowship examination at a university, covering 
three or four of the subjects geography, botany, zoology, mathematics, 
physics and chemistry. Botany is always linked with zoology and with 
geography or chemistry. This examination is called the filosofisk dmbets- 
examen and qualifies for teaching at the realskola and the gymnasium. 

Professional training is mainly given during the year a prospective 
teacher is required to do in a secondary school under the supervision of 
experienced teachers. At the same time he must attend lectures on general 
educational questions. After this year and on completing four terms of 
teaching, he may apply for a post as a qualified teacher. One category 
of teachers at the gymnasium is required to hold the doctor's degree in 
one of the natural science subjects. These teachers are in charge of their 
subject at the school, and are generally headmasters as well. 

Not all branches of natural science are taught by the same teacher. 
Each teacher takes the subjects in which he specialized for his fellowship 
examination. 

Further training is given through special courses, the activities of 
teachers’ associations, teachers’ conferences, educational journals, and 
study leave. Travelling scholarships for natural science teachers are 
unfortunately lacking. 


MISCELLANEOUS 


The reduction of the natural science programme, and giving it a more 
practical bias, are contemplated, especially as regards the realskola; also 
contemplated is the introduction of the American “ units *’ method, at 
least for a part of the course. 

Important changes are about to be made in the structure of Swedish 
education. It is intended to introduce the “ unity school ” (enhetskola), 
i.e., the primary scheol and the realskola combined into a comprehensive 
civic school with a nine-year course. This will entail few changes, however, 
in the aims and methods of natural science ; greater stress will probably be 
laid on pupil activities in class, and small modifications made in the 
syllabuses. 
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SWITZERLAND 


From the replies sent by the Departments of Education of the Cantons of Bern, Geneva 
Neuchatel, Ticino, Valais, Vaud and Zurich 


INTRODUCTORY 


Switzerland has no federa! department of education, and to get a 
complete picture of natural science teaching in Swiss secondary schools it 
would be necessary to get in touch with each of the twenty-five cantonal 
Departments of Education. The following report is limited to a 1epre- 
sentative survey based on the information received from seven cantons. 
In Swiss secondary education, moreover, a distinction must be made 
between the junior stage (beginning according to canton at ten, eleven or 
twelve vears of age, and ending at fifteen or sixteen) and the senior stage 
following it (leading up to the baccalaureate or maturity examination 
taken at eighteen or nineteen years of age). The names given to the schools 
of these two stages vary considerably from one canton to another or even 
from one town to another. Sometimes the two stages are housed in the 
same building, and are called a collége (as for example in Geneva) or a 
Gymnasium (as for example in Zurich). Elsewhere they are housed in 
separate buildings, the junior stage (as for example in Lausanne) then being 
called the collége and the senior stage the Gymnasium. In several of the 
‘antons of German Switzerland, parallel! with the junior stage (sometimes 
called the Pro-gymnasium), there exists a senior primary school designated 
as a Sekundarschule. Mention should also be made of the fact that organisa- 
tion into more or less specialised sections may begin already at the junior 
stage or only at the senior stage. In dealing with any branch of Swiss 
secondary education, due account must be taken of the diversity of systems, 
and of the resulting difliculty of giving a general account of them. 


PLAcE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science (or natural history) is compulsory at the junior stage 
of Swiss secondary education. The number of subjects of which it is 
composed and the length of the course vary from canton to canton. In 
the Canton of Bern, for exainple, natural history (consisting of botany 
and zoology in the first three classes, and of elementary anthropology 
in the framework of the hygiene course in the 4th and 5th classes) is taught 
in the Sekundarschule and the Pro-gymnasium (age of admission: 11, 
12 or 13 years). In the Canton of Zurich, Naturkunde (covering elementary 
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botany, human anatomy, zoology, physics, chemistry and hygiene) is 
taught in the three classes of the Sekundarschule (pupils 12-15 years old). 
In the Canton of Geneva, natural science (covering biology, anatomy, 
zoology, botany and mineralogy, with geology rather forming part of 
physical geography) is taught from the Ist class (pupils 12 years old) of 
the junior stage up to the penultimate class (Latin section) of the senior 
stage, i.e., through six years (pupils 12-18 years old). In the Canton of 
Neuchatel, natural science (covering botany and anatomy) is taught in 
the classical section of the 3rd and 4th classes (pupils 14-16 years old) of 
the junior stage, and in the Ist class of the modern section (pupils 14-15 
years old). At the St. Maurice collége in the Valais, natural history (consist- 
ing of botany, zoology and human anatomy and physiology) is taught 
in the last four of the six classes of the gymnase preceding the two-year 
lycée. In Lausanne in Vaud, natural history (under the name of lecons de 
choses) is taught in the first two classes of the collége (pupils 10-12 years 
old), and then divides into zoology (3rd class), human anatomy and 
physiology (4th class), and botany (6th class); no natural science is given in 
the 5th class. In the Ticino, natural science (covering botany, anatomy, 
physiology, and hygiene of the human body) is taught in the first three 
classes of the four-year gymnase (age of admission: 11 years) forming the 
junior secondary stage. 


At the senior stage, natural science in most cases continues to be 
taught (as in Geneva, for example). It goes under a variety of names. 
At the Zurich Gymnasium, for example, in the literary and the real sec- 
tion it is called biology. In Lausanne, cosmography, geology and general 
biology are taught at the two-year classical gymnase following the collége, 
and general biology, anatomy and general physiology at the scientific 
gymnase. Elsewhere only physics and chemistry are taught in the upper 
classes. This is the case at the St. Maurice collége in the Valais, for example, 
in the two top classes forming the lycée ; geology and mineralogy, however, 
are taught in the last class. 

Natural science is always a compulsory subject, at both the junior 
and the senior stage. Two periods a week are generally devoted to it. In 
addition there is sometimes practical or laboratory work which may be 
compulsory (Geneva’s ‘‘ modern classes"’ and Lausanne) or optional 
(Neuchatel and Zurich). 

Except in Geneva and the Ticino, natural science is not quite so 
important as other subjects. In the Canton of Bern, for example, the 
subjects in the curriculum are divided into main and subsidiary subjects. 
The mother tongue, a foreign language and mathematics are main subjects, 
while natural science is one of the subsidiary subjects. Less importance is 
attached to subsidiary subjects in both promotion and school leaving 
examinations. In the canton of Neuchatel, a pass in natural science is not 
essential, as it is for the mother tongue and mathematics, but the mark 
obtained for the subject counts in the general average needed for promo- 
tion. In the canton of Vaud, science is placed in the second of two groups 
of subjects and, to be promoted, pupils must obtain a certain average in 
each group; there is no natural science paper in the promotion examina- 
tion between the collége and the gymnase (sixteen years of age); for the 
baccalaureate, the test in biology is an oral one. 
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AIMS 


Generally speaking, natural science teaching aims at giving pupils 
practice in observation, making them familiar with their environment, 
giving them a knowledge of science, and developing their love of nature. 
In the official curriculum for the junior secondary stage in the Canton of 
Neuchatel, the aims of the subject are defined as follows: ‘* The teaching 
of the natural and physical sciences should (a) familiarise pupils with 
nature and bring them to love it, (b) make known the main applications 
of these sciences to everyday life, (c) develop observation and form judg- 
ment (deductive reasoning), (d) lead to precision in the use of language, as 
a result of clarity of thought.” 

The introduction to the plan of secondary studies for the Canton of 
Vaud defines the objective of natural science teaching as being knowledge 
of the order established by the mind among the seemingly incoherent 
interplay of natural phenomena. Facts are of value only in so far as they 
support this objective, and the objective 1emains the same, irrespective 
of the age of the pupils for which lessons are intended. Lessons differ only 
as regards their degree of technicality. 

The aims of the teaching of Naturkunde are defined in the official 
Sekundarschule curriculum for the Canton of Zurich as being to give pupils 
access to nature's illimitable domain and powers and enable them to 
partake of nature’s joys. Teaching should not be limited to imparting 
knowledge, but should also stimulate pupils’ ability to observe and arouse 
their interest in nature and all her creatures. It should also bear on an 


understanding of natural phenomena and laws, and thus impart the basic 
knowledge needed for the pupils’ future professional activities. 


SYLLABUSES 


The following are some examples of syllabuses : 


Canton of Bern. Natural history syllabus of the Sekundarschule: 
study of the principal types of native plants and animals according to 
their structure and organic activities and, in certain cases, the phases of 
their development; relations of living things with their environment ; 
recapitulation based on biological aspects (e.g., animals living in water, 
on land or in air, types of movement, types of nutrition, warm-blooded and 
cold-blooded animals); classifying ; plants and animals from abroad and 
their significance in relation to the cost-of-living. 

Canton of Geneva. Natural science syllabus of the boys’ collége (cover- 
ing the three-year junior stage and the four-year senior stage). 7th class 
(pupils twelve years of age): soil and minerals; plants; insects. 6th 
class : man, animals (excluding insects). 5th class: physics and chemistry 
only. 4th class (Latin): study of man: tissues, skeleton, the cerebro- 
spinal and sympathetic nervous systems, sense organs, digestive system 
and general functions of digestion and absorption, circulatory system and 
functions (blood and lymph), respiratory system, secretion, kidneys, 
action of alcohol ; general botany: elementary study of organs, histology 
and physiology ; cells; tissues; root, stem, leaf, flower, fruit, seed and 
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germination. 3rd year (Latin): zoology: classification of animals and 
characteristics of classification; systematic botany: classification of 
plants : algae, mushrooms, lichens, mosses, ferns, equisetineae, lycopo- 
dineae; gymnosperms: conifers; angiosperms: principal families of 
monocotyledons and dicotyledons (identification exercises). 2nd class 
(Latin): pro-vertebrates (of the amphioxus type), fish, batrachians, 
reptiles, birds and mammals (general characteristics and classification). 


Canton of Neuchdtel. Natural science syllabus for junior stage (3rd 
and 4th classes of the classical section and Ist class of the modern section) : 
cells ;: structural unity ; roots: form, structure, lengthening, thickening ; 
adventitious roots; stem: form, structure, growth; different kinds of 
stems; orientation; leaves: form, structure, stomata; duration and 
fall of leaf; transpiration, respiration, chlorophyll; general plant nutri- 
tion; flowers: inflorescence, petals and sepals, reproductive organs, 
pollination and fecundation; fruits: formation of seed, two types of 
seed, simple, multiple and aggregate fruits, germination; classification 
(limited to division of plants into phanerogams, vascular cryptogams, 
mosses and thallophytes; skeleton: function of skeleton, constitution, 
structure and development of bones, description of skeleton, articulation ; 
muscles: function, structure, properties, nutrition ; food and digestion : 
classification of foods, vitamins, digestive system (teeth, salivary glands, 
pharynx, oesophagus, stomach, pancreas, intestine), food hygiene, action 
of alcohol ; respiration : need to eliminate gaseous products of metabolism, 
respiratory tract (nose, trachea, lungs), mechanism of respiration, hygiene 
of respiration ; circulation : composition of the blood, function of plasma 
and corpuscles, circulatory system (heart, arteries, capillaries, veins) ; 
excretion : liver, kidneys, skin ; nervous system: its function, the nerve 
cell, encephalon, spinal cord, nerves, reflex and voluntary actions, hygiene 
of the nervous system; five senses: touch, smell, taste, sight, hearing. 


Canton of Zurich. Biology syllabus of the literary and real Gymnasium 
(seven-year course preparing for university studies). Ist class: summer 
semester: biology: description of 8 to 10 types of flowering plants, of a 
cryptogam (fern or horsetail), and of a few animals easily observed (earth- 
worm, cockchafer, etc.), observation and description of the natural phe- 
nomena that pupils can comprehend (e.g., pollination, germination) ; 
winter semester: physical geography (covering elementary geology and 
mineralogy); excursions (winter and summer). 2nd class: natural 
science is not taken in this class. Under the general heading of biology, 
botany is taught in the 3rd and 4th class (summer semester) of the real 
Gymnasium and in the 4th class of the literary Gymnasium; zoology in 
the 4th class (winter semester) of the real Gymnasium, and in the 5th class 
of both types of Gymnasium ; and anthropology in the 6th and 7th classes 
of both types of Gymnasium. The syllabuses are as follows. Botany: 
representatives of the principal families of phanerogams, exercises in 
plant identification, principles of cytology, elementary plant anatomy and 
physiology, types of cryptogams, plant adaptation to environment, 
ecology of phanerogams. Zoology: principles of morphology and physio- 
logy of selected types, invertebrates, vertebrates (especially mammals). 
Excursions are made for both botany and zoology. Anthropology : structure 
and functions of the human body, some problems of hygiene, heredity. 
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METHODS 


Instructions or suggestions on methods are sometimes given in the 
official curricula. 

The junior stage secondary curriculum for the Canton of Neuchatel, 
for example, states as follows: ‘“* Natural science teaching should appeal 
above all to the ability to observe. It should be concrete. Through being 
limited to what can be easily observed, pupils are required to make indi- 
vidual and accurate observations. Natural and physical science teaching 
should thus be experimental. It will stimulate the pupils’ sense of wonder 
and admiration. Teachers should ask numerous questions, and secure 
precise answers to them. They should present objects and avoid a formal 
approach. In lantern slides and films they will find valuable auxiliary 
aids, but should not use them unless necessary as substitutes for direct 
observation. The use of the microscope will prove essential on numerous 
occasions. Drawing will also play its part. Pupils should copy diagrams 
done on the blackboard, and will thus remember things which they would 
have forgotten, had they seen them only in a textbook.” 

The following passage occurs in the introduction to the curriculum 
for the Canton of Vaud: “* A lesson should not only be clear and interesting. 
It should also be imbued with the spirit of scientific method, and should 
present discoveries in minute detail, thus following as closely as possible 
the thought of the scientist. It should succeed in making pupils aware 
of the opposition between the diversity of nature and man’s determined 
striving towards unity.” 

Teachers enjoy a large measure of freedom, however, in regard to the 
methods they employ. They are usually encouraged to reduce theoretical 
teaching to a minimum in order to leave sufficient time for observation 
and experiment. All the methods enumerated in the questionnaire are 
used as much as possible. Applications to everyday life are referred to 
as well, especially as regards hygiene, nutrition, clothing and conservation. 
The reply from the Canton of Bern also mentions the cultivation of flowers 
and vegetables in this connection. 


So far as textbooks are concerned, some cantons use officially adopted 
ones (Bern and Neuchatel, for example), others hardly use them at all, 
preferring the roneographed notes of the teacher (Geneva, for example) ; 
yet others employ textbooks or alternatively notes and summaries dictated 
by the teacher (Ticino and Vaud, for instance). 

The auxiliary aids used to supplement teaching are those enumerated 
in the questionnaire. School broadcasts are, however, rarely used, Films 
may be loaned for the whole of Switzerland from the educational films 
centre in Bern. The Canton of Neuchatel, for example, makes a grant to 
communes procuring projectors for lantern slides or 16 mm. silent or 
sound films. The costs of loaning films in this way are met half by 
the cantonal authority, half by the commune in which the school is 
situated. 
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TEACHING STAFF 


All natural science teachers in secondary schools are required to have 
had university and professional training. They must hold a degree in 
natural science or biology, and a teaching certificate. 

In Geneva, for example, secondary teachers must have taken a 
complete university course in natural science or biology, and hold the 
appropriate teaching certificate obtained on completion of complementary 
studies, training courses, and six months in a secondary school. 

In the Canton of Vaud, natural science teachers in secondary schools 
are required to hold the science degree of the University of Lausanne, the 
secondary teacher's certificate (obtained on the basis of an examination 
in general teaching methods, child and adolescent psychology, history of 
educational ideas, and introduction to problems of philosophy), and the 
certificate granted on completion of eight weeks in a secondary school in 
the canton. 

The various branches of natural science are taught by the same 
teacher at the junior secondary stage, but generally by specialist teachers 
at the senior stage. 

Further training of teachers is not undertaken in any systematic way. 
There are sometimes special courses and days of study. There is a Swiss 
association of natural science teachers, and cantonal or local scientific 
societies. Teachers can consult scientific and educational journals. In the 
canton of Neuchatel, the school authorities cater for further training needs 
through the provision of a specialist library. Legislative provision has 
been made for the grant of scholarships to gifted persons wishing to 
continue their studies at a specialist institution in Switzerland or abroad, 
or to prepare a thesis for their doctorate. 
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THAILAND 


From the reply sent by the Ministry of Education 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


There are six years of so-called secondary education in Thailand, 
The first three years correspond more or less to the former senior elementary 
school in England, the last three to the junior secondary school. After 
these six years there are two years of a preparatory college course (for 
students from 17 to 19 years of age) which is in fact secondary education 
in the sense of the western world. 

Throughout the six years of secondary education, on the one hand, 
the elementary knowledge of such subjects as biology, zoology, botany, 
astronomy, mineralogy and physiology is grouped under the name of 
natural science. At the preparatory college, on the other hand, physics, 
chemistry, biology and astronomy are included in a subject known as 
general science, in the arts section, and each science subject is taught 
as an independent subject under its own name, in the science section. 
When biology is taught, two hours a week are devoted to it. 

The teaching of natural science is compulsory throughout the six years 
of secondary education. At the preparatory college, biology and mechanics 
are two electives in the science section, one of which must be taken, 
while general science is compulsory in the arts section. 

The same importance is attached to natural science as to other sub- 
jects both in promotion examinations and the secondary school leaving 
examination. 


AIMS 


The aims of science teaching at the lower stage of the secondary 
schools are to develop an interest in, and knowledge of, the environment, 
and to make pupils understand the relationship between things and 
phenomena in nature. The concept of cause and effect should serve as an 
explanatory approach to the different phenomena, and the application of 
scientific knowledge to human welfare is also an aim to be attained. 

At the upper stage of secondary education other aims are added, 
namely the understanding of the fundamental principles underlying 
phenomena as such, and how to deduce matter, energy and life behaviour 
from those principles. The students should be made to understand also 
how these principles play a part in inventions and manufacture. 
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SYLLABUSES 


In the first three years of secondary education, the content of the 
elementary science syllabus is the following : fundamental measurements, 
heat and light (including the natural phenomena arising from them) ; 
composition of air, anc combustion ; water, rock, soil and erosion ; atmo- 
spheric pressure and electricity. The natura! history of plants and animals 
most commonly known in the country occupies about one-third of the 
entire syllabus. Mechanical energy in nature and gravitational forces are 
also important questions treated, as well as engines, internal combustion 
engines, motors and dynamos and their utility. 

The principal topics treated in the upper three years of secondary 
education are scientific methods, measurements, hydrostatics, and simple 
machines and their underlying principles. Fundamental principles in 
heat, light, electricity and magnetism are briefly treated. The chemical 
nature of air, water and simple chemical elements are also included. The 
syllabus also devotes some time to biological subjects, namely flowering 
and flowerless plants, invertebrates and vertebrates, elementary physiology 
(e.g., circulation, respiration and digestion). 


METHODS 


Official recommendations exist concerning the methods to be used 
in teaching natural science in secondary schools. They point out the 
importance of experiments and observation : learning through experience 
and other activities are encouraged. There are, however, no specific require- 
ments laid down by the central authority. 

Active experimentation by the pupils is deemed desirable, but not 
much can be done along this line on account of the lack of facilities. Observa- 
tions from real objects are carried out indoors and outdoors and demonstra- 
tions are performed by teachers. Formal teaching is regarded as the last 
method to be chosen. 

Different approaches are used in observation and experimentation. 
Usually indoor experiments are carried out by the teachers, but pupil parti- 
cipation is practised sometimes. Laboratory work is not quite unknown. 
Visits to factories or to various enterprises are more popular than other 
activities. Outdoor observation, collection of specimens for the school 
museum, handicrafts and exhibitions are also tried out by some schools. 
There is a strong tendency in this direction nowadays. 

At the early stage of the secondary school, the subject matter of 
the science curriculum is always related to everyday life. The application 
of the knowledge acquired to a child’s life and activities is strongly recom- 
mended in the official school regulations. At the upper stage and especially 
in the preparatory college course, more importance is laid on the academic 
standard, university and vocational school entrance examinations being 
responsible for this. 

Concerning the choice and use of textbooks for the teaching of natural 
science in secondary schools, there are some requirements. In some cases, 
textbooks compiled and published by the Ministry of Education are 
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adopted. When there is no adopted text, schools are allowed to use any 
textbooks, provided that they have been approved by the Ministry of 
Education. Note-taking is sometimes used instead of textbooks. 

Scientific apparatus for performing experiments is widely used. 
Pictures and charts are also assumed to be necessary for demonstration. 
Governmental schools are usually supplied with an epidiascope and lantern 
slides. Educational films are occasionally shown in schools by the audio- 
visual section of the Ministry. Natural objects for immediate use are 
available, but collections or school museums seldom exist. The school 
library cannot contribute much to the science teaching, owing to the fact 
that there are very few science books. 


TEACHING STAFF 


There is no specific requirement as to the special scientific or profes- 
sional training of science teachers in secondary schools. Most of them, 
however, do have some kind of training ranging from a doctorate in 
science down to an elementary teaching certificate whose specialized 
subject is natural science. Efforts are made to have the science class 
taken by a teacher with as high an academic standard as possible. 

At the lower stage of secondary schools, the same teacher usually 
teaches all natural science subjects. At the upper stage some of them 
specialise in one or two subjects. 

There are no formal means to keep serving teachers up-to-date in 
their scientific knowledge. There is a science society whose periodicals 


and other publications can be said to serve this purpose. The national 
teachers’ association also publishes educational journals, giving usually 
some space to science and science teaching. 


MISCELLANEOUS 


During the last decade the teaching of natural science in Thailand's 
secondary schools has been in the process of slow modification. The formal 
method of teaching aiming at the mastery of subject matter and mental 
discipline is now being replaced by modern methods whose aim is to 
develop understanding, attitude and appreciation or ability and skill. 
Though the programme is still a tentative one, the future is very promising. 
The attempt to arouse interest in science and technology among young 
people is succeeding. Many boys leaving secondary schools nowadays try 
to take up further study or training on those lines. 
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TURKEY 


From the reply sent by the Ministry of National Education 


PLACE oF NATURAL SCIENCE IN THE CURRICULUM 


The various subjects grouped under the name of natural science 
are taught compulsorily in Turkey at the first stage (lasting three years, 
pupils from 12 to 15 years of age) and the second stage (lasting four years, 
pupils from 15 to 19 years of age) of secondary education. They appear 
in the curriculum of every class, but in the case of the 4th class of the 
second stage, are limited to geology and to the science section. 

At the first stage, three periods a week are devoted to them in the 
first two classes, and two in the 3rd class. At the second stage, three 
periods a week (two for biology and one for hygiene) are devoted to them 
in the first class, and two in each of the three remaining classes. 

The same importance is attached to natural science as to other 
subjects in promotion and secondary school-leaving examinations. 


AIMS 


The aims officially assigned to natural science teaching in secondary 
education are as follows : (a) to develop a child’s desire to learn, and the 
feelings of admiration, interest and curiosity that have been aroused in him 
since the early years of the primary school ; (b) to get him to understand 
and analyse every-day happenings on the basis of observation and the 
study of natural phenomena ; (c) to induce him to perceive and love the 
beauty of nature and of his country ; (d) to teach him to grasp the differ- 
ences and the resemblances between living things; (e) to give him the 
knowledge necessary for hygiene and cleanliness of body and surroundings, 
and habits of order and accuracy ; (f) to teach him to see the advantages 
knowledge of nature has for human life, health and happiness ; (g) to give 
him knowledge of his country’s natural resources and accustom him to 
look after them, protect them, and use them wisely in the light of national 
and world economic needs ; (h) to prepare him to solve everyday problems 
methodically and intelligently ; (i) to transform a child into a person 
physically and mentally balanced, and with an active understanding 
of social needs, an interest ia nature, and a serious intention of improving 
his surroundings ; (j) to give a child an integral appreciation of his natural 
surroundings, based on an understanding of the relationships between 
men, nature and events. 
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The main aim of natural science teaching, in particular in secondary 
schools, is to give children an introduction to biological principles, while 
training them to work with exact methods, and to accustom them to 
reflecting and thus lead them towards scientific research. 


SYLLABUSES 


The main points in the natural science syllabus for each class are as 
follows : 


First stage. Ist class: differences between living and non-living things, 
differences between animals and plants; cells, tissues, human body ; 
foodstuffs, nutrition ; different kinds of mammals in relation to surround- 
ings; plants (root, stem, leaf, flower), study of some common plants. 
2nd class: farm animals; birds, reptiles, amphibians, fishes; study of 
some plants, forests. 3rd class: arthropods, molluses, worms, protozoa, 
cryptogams ; elementary plant anatomy and physiology, hygiene. 


Second stage. Ist class: Biology: animal cells, differences between 
plants and animals; tissues; introduction to human bodily organs ; 
nutrition ; anatomy and physiology of digestive, circulatory, respiratory 
and nervous systems ; glands (secretion and excretion). Hygiene : impor- 
tance of hygiene; infectious diseases and protection against them; 
nutrition, clothing, cleanliness and care of the eyes, teeth and skin ; sea- 
and sun-bathing; bad habits, ete. 2nd class: plant morphology and 
anatomy ; plant physiology. 3rd class; natural classification of the animal 


kingdom ; reproductive system of plants ; morphology of principal groups 
of animals, elementary comparative animal anatomy and physiology ; 
resemblances between organisms; reproduction, heredity, evolution, 
adaptation. 4th class (science section only): general, local and applied 
geology. 


METHODS 


Official recommendations on the methods of natural science teaching 
are given in the secondary curriculum. They stress the importance of 
acquiring knowledge through direct observation and experiment. They 
recommend observation and experiment exercises to be done before the 
lesson, so that the children come to class already prepared to talk about and 
discuss what they have done, with their classmates and with the teacher. 

Such observation and experiment exercises can be done in the school 
garden, museum, laboratory and workshop. So far as walks and excursions 
are concerned, a plan prepared in advance with the pupils is recommended. 
During the outing, the pupils may make notes, drawings and sketches, and 
collect specimens (stones, insects, plants, etc.) for the school collections 
and museum. The recommendations, moreover, stress that natural science 
should be treated from the point of view of the national economy, and 
expressed in figures and graphs, and that an arithmetic lesson can well serve 
this purpose. Special attention should be given to the study of plants 
and other products connected with local economic activities. 
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Wherever applicable, time should be found for studying the lives 
of great writers connected with the topics dealt with. 

Walks and educational visits are arranged to fields, gardens, parks, 
forests, and factories and other undertakings. The course includes keeping 
animals and raising plants, and domestic tasks based on observation and 
experiment. 

As far as possible, pupils apply in their everyday life what they learn 
about hygiene, in connection with nutrition, clothing, climate, means of 
transport, and local conservation. The general qualities textbooks should 
possess are indicated in the official instructions on the choise and use of 
textbooks for the various levels of education. 

For illustrating and completing natural science teaching, use is 
made of the following auxiliaries ; apparatus, objects found in the school 
or the school garden, teachers’ and pupils’ collections, pictures, charts and 
teaching materials from the school museum, lantern slides and films 
wherever possible, books, magazines, encyclopedias from the school 
library, and broadcasts. 

Official instructions exist on some of these auxiliaries. 


TEACHING STAFF 


Natural science teachers in Turkish secondary schools get their 
general and professional training in the natural science faculties of the 
universities and in the education institutes at university level. 

The various subjects covered by natural science are taught by the 


same teacher. 
Further training courses exist for in-service teachers. 
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UNION OF SOUTH AFRICA 


From the replies of the Cape, Natal, Orange Free State and Transvaal Departments of 
Education, forwarded by the National Bureau of Educational and Social Research 


PLacE oF NATURAL SCIENCE IN THE CURRICULUM 


In the Union of South Africa science is taught in the four years of 
the secondary school which correspond to standards VII to X (pupils 
from 13 or 14 to 17 or 18). Standards VII and VIII lead to the Junior 
Certificate, standards IX and X to the Senior Certificate. In Transvaal 
standard VI is sometimes attached to the secondary school, the syllabus 
being regarded as an extension of the primary school course. 

A science subject is generally compulsory. Not all pupils will necess- 
arily take a natural science course, however, as they have the possibility 
of choosing among all the science subjects. 

In the Cape of Good Hope, for example, in the first two years of 
secondary schooling, pupils take general science or choose any two of 
biology, hygiene, and physical science. In the last two years, they choose 
one or more of biology, botany, physiology-and-hygiene, zoology, physics, 
chemistry, and physical science. 

In Natal the natural science subjects taught at the secondary school 
are botany and biology. Botany is offered only in certain girls’ schools, 
and physical science may be taken in its place. Biology is offered in 
mixed schools and certain boys’ schools, and one or other of the physical 
sciences is always available as an option. 

In Transvaal the science subjects included in the curriculum are 
general science, hygiene and physiology, agricultural science, nursing 
and hygiene in the home, geography, and domestic science (home crafts 
and biology). General science is taught in standards VII and VIII, and 
is in actual practice a compulsory subject in most secondary schools. 
Biology is taught in standards IX and X, and is taken by the girls in the 
majority of schools. 

The weekly hours devoted to science teaching are as follows : — the 
Cape of Good Hope : approximately 4 hours; Natal: 3 hours in the first 
two years and 334 hours in the last two; Orange Free State: 31% hours ; 
Transvaal : 2-3 hours in the first two years and 3-4 hours in the last two. 

The same importance is given to science subjects as to all other 
subjects, except the one or sometimes two official languages which are 
considered as the most important subjects. 

In Natal, in the secondary school leaving examination, candidates 
must take mathematics or a science subject, and it is thus possible to 
take this examination without offering a science subject. A science subject 
is, however, obligatory for the Junior Certificate Examination. 
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AIMS 


The Cape of Good Hope and Transvaal have issued detailed sugges- 
tions regarding the aims of natural science teaching. 

As set out in the 1948 edition of the handbook (published by the 
Cape Department of Public Instruction) on the secondary course, these 
aims are (1) to arouse pupils’ interest in the laws of nature, (2) to explain 
to them the influence of scientific knowledge on the development of modern 
civilisation, (3) to provide them with an introduction to scientific methods 
of thought and investigation, and (4) to give them some knowledge of 
the different branches of science, so as to discover a possible interest and 
to enable them to make a more intelligent choice of further studies or of 
a vocation (this aim is one now being added to the new “ general science” 
syllabus shortly to be introduced in the first half of the Cape secondary 
school course). 

The general objective of the Transvaal Education Department 
in introducing natural science is briefly defined as being (a) the explora- 
tion of pupils’ interests, aptitudes and capacities by the simple investiga- 
tion of common natural phenomena in particular and the environment 
in general, the subject matter chosen being in itself worthwhile and at the 
same time adapted to the pupils’ probable needs, (b) the development 
of the scientific approach to a problem by training in accuracy and com- 
pleteness of observation, in open-mindedness and honesty of record, 
and in inductive and deductive reasoning, and (c) the development of a 
knowledge and a love of nature, and the application of them to daily life. 


SYLLABUSES 


The following are examples of the syllabuses prescribed for the 
Junior and Senior Certificate Examinations : 


Cape of Good Hope :— 


General science for the Junior Certificate Part I: physics and chemis- 
try. Part II : biology : living organisms should be compared and contrasted 
with non-living objects and the differences indicated in a discussion of 
such topics as respiration, combustion, food and fuel, movement, growth, 
reproduction, and irritability ; cell structure ; animal life : food ; digestion ; 
the food of plants; the circulation of blood; excretion; respiration ; 
reproduction ; growth; growth of animals; irritability and movement ; 
germs. 

Biology for the Senior Certificate. Section A: the diversity of living 
things ; protozoa ; ccelenterates ; worms ; segmented worms ; echinoderms ; 
molluscs; arthropods; vertebrates; classification of plants; algae ; 
fungi; bacteria ; liverworts and mosses ; ferns ; gymnosperms ; flowering 
plants. Section B: plant and animal physiology ; cells, tissues, organs ; 
protoplasm ; the soil ; plant nutrition ; animal nutrition ; nitrogen cycle ; 
respiration ; carbon cycle; circulation of blood and transport of body 
substances ; blood; skin; transpiration in plants; animal movements ; 
plant movements ; behaviour in animals and plants; reproduction and 
growth in plants and animals; heredity and variation, Mendelism. 
Section C : ecology ; aquatic localities ; terrestrial localities. 
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Natal :— 


Biology for the Junior Certificate. Introduction: differences between 
plants and animals ; dependence of animals on one another and on plants ; 
plant life: seeds, root, stem, leaf, flower, fruit, spore-bearing plants ; 
animal life : invertebrates (insects, spiders, other invertebrates), verte- 
brates; each pupil to draw upa nature calendar for four consecutive seasons ; 
display (it is suggested that teachers set out and display each week at 
least two labelled specimens of animal life or of flowers, shrubs or trees, in 
order to give pupils an opportunity to learn the common names of the 
flora and fauna of the district). 


Transvaal :— 

General science for the Junior Certificate. Elements of physics and 
chemistry ; biology : human respiration, circulation, digestion and nutrition ; 
insects and bacteria; plant life. 

Biology for Secondary School Certificate. Introduction: the cell 
(plant and animal) ; morphology of the plant ; plant physiology ; animal 
structure and physiology ; classification of plants ; classification of animals : 
invertebrates, vertebrates; reproduction of plants; reproduction of 
animals ; ecology ; heredity (monohybrid crosses only). 

Agricultural science for Secondary School Certificate. The aim of the 
syllabuses is general development and not vocational training. Part I: 
soil science and fertilisation of soils ; water; animal nutrition ; agricultural 
mechanics. Part II: general survey of the part played by agronomy and 
animal husbandry in the farming industry of the Transvaal, and the 
influence of climate, nature of soil, irrigation and market facilities on agro- 
nomy and animal husbandry; section 1: field husbandry, vegetable 
culture ; section 2: animal husbandry and poultry. 


METHODS 


Except for Transvaal, there are no official recommendations concerning 
the methods to be used. 


In the Cape of Good Hope, lessons are mainly in the form of illustrated 
lectures and demonstrations by the teacher. Certain periods are set aside 
for set practical exercises by the pupils themselves. Formal teaching 
centred round selected textbooks is predominant. Much opportunity 
is given for observation during demonstrations and for active experi- 
mentation during special periods. As far as circumstances permit, teachers 
make use of some or all of the aids mentioned in the questionnaire. In 
most schools laboratories are available for active experimentation. The 
knowledge acquired is applied to daily life. 

In Natal the relative emphasis on the three methods (formal teaching, 
observation and active experimentation) is left to the teacher's discretion. 
All the aids mentioned in the questionnaire are found in the schools, 
though not necessarily all in every school. Schools may requisition fur 
such aids as they require, and are either supplied with them or given 
assistance to acquire them. 
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In the Orange Free State, teachers are advised to supplement their 
theoretical treatment as far as is practicable with experiments. Most 
schools have well equipped laboratories. In later years it has not been 
possible to supply schools with all the necessary apparatus, and teachers 
have taken to carrying out the experiments in front of the whole class, 
instead of requiring individual pupils or groups of pupils to do the experi- 
ments themselves. The emphasis has in consequence shifted from active 
experimentation by the pupils to formal teaching and observation. 

In the same province, laboratory work is encouraged in the secondary 
school, while pupils in the primary school are encouraged to make collec- 
tions in connection with nature study topics. Agricultural clubs are 
attached to many country schools, and pupils become acquainted with 
the lastest methods used in agriculture. From time to time groups of 
pupils are taken by individual schools on tours of factory inspection 
wherever practicable. The application of knowledge to daily living 
conditions is stressed, but the results are not always very encouraging. 

The following aids to teaching are found in most schools: natural 
objects, pictures, charts, books in the library, and projectors. There are 
schools which have built fair-sized museums, and broadcast lessons are 
used in some schools. 


In Transvaal the introductions to the suggested syllabuses of the 
various natural science subjects contain numerous recommendations 
concerning the methods of approach to the teaching of these subjects. 
In general these recommendations are given in connection with the work 
in the primary schools, but they are equally applicable to teaching in 
the secondary schools. 

The following are examples of these recommendations : (a) in every 
standard the scheme of work for the study of plant life, animal life and 
natural phenomena must allow for seasonal application ; (b) mechanical 
treatment should be guarded against; (c) pupils should be attracted 
into new fields and encouraged to observe, investigate, collect and classify 
as well as to appreciate the wonders of creation ; (d) self-activity should be 
encouraged ; pupils should be encouraged to collect specimens, to arrange 
and tabulate, to mount, to chat, to argue and to draw their conclusions ; 
they should also be encouraged to note down what they have observed by 
means of sketching, painting, modelling, etc ; (e) every pupil should at 
some stage or other be made responsible for the feeding and care of a 
living creature ; (f) excursions to zoological gardens and game reserves, 
and rambles in the veld are strongly recommended ; (g) pupils are encour- 
aged to study privately and to apply the knowledge gained in a practical 
way ; (h) wherever possible, use shou!d be made of audio-visual aids, e.g., 
radio, films, filmstrips, practical experiments in the laboratory or the 
field, ete. 

According to the same regulations, formal teaching in science is in 
many cases necessary. Observation and active experimentation by the 
pupils, followed up by explanations, check-ups, the drawing of conclusions, 
and the making of sketches, diagrams and tabular expositions, are looked 
upon as most important adjuncts. Provision is made in the time-tables 
for at least one double period per week for experimental work by the pupils. 
A large part of the remaining time is devoted to practical demonstrations 
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by the teacher, and the rest is used for formal teaching with a view to 
systematising the knowledge gained. 

Where possible and applicable, both observation and experimenta- 
tion are carried out along the lines suggested in the questionnaire. Indoor 
experiments, laboratory work and sketching, however, receive in general 
most attention. The other methods are usually not so intensively or extens- 
ively applied, often on account of unfavourable circumstances. 

Pupils are constantly encouraged by the teacher to apply the 
knowledge acquired in natural science lessons to such matters as health, 
nutrition, clothing, climate, protection of natural resources, gardening 
and home nursing. 

All items enumerated in the questionnaire are valuable aids applied 
in natural science teaching in the Transvaal schools. Standard equipment 
is supplied by the Transvaal Education Department. Science teachers 
are at liberty to requisition within specified limits for what they consider 
necessary. Grants-in-aid are also made to schools for the purpose of 
purchasing additional aids such as reference books, projectors, radios and 
models. 

Textbooks are not prescribed in any of the provinces, and there are 
no official instructions concerning their use. In the Transvaal, however, 
for a number of subjects, lists of suitable class textbooks, supplementary 
readers and circulars are appended at the beginning or end of the respective 
syllabus. The majority of schools make use of science textbooks, more 
particularly in the upper standards. Where textbooks are not used, 
extensive roneographed notes are employed containing sketches of appa- 
ratus, models, sections, intricate diagrams, etc. These notes are supple- 
mented by pupils’ exercise books containing the descriptions, conclusions 
and results of their own practical experiments. 


TEACHING STAFF 


Natural science teachers are required to hold a university degree 
and a general teacher’s diploma. A science degree and post-graduate 
teacher's diploma are regarded as desirable, especially for teachers of the 
senior classes, and higher salaries are generally paid to teachers with 
M.Sc. or D.Sc. degrees. 

In most secondary schools the various science subjects are entrusted 
to different teachers. 

Means exist to keep serving teachers up-to-date in their scientific 
knowledge, though this matter is largely left to the initiative of the teachers 
themselves. Provision is made for interchange of teachers with the United 
Kingdom, at least in the Cape of Good Hope and Transvaal. The Depart- 
ments of Education have a free library service available to all teachers. 

In the Cape of Good Hope, teachers are entitled to study-leave with 
quarter-pay. At annual teachers’ conferences provision is made for 
sectional group discussions. In most of the teachers’ journals space is 
given to the teaching of science. 
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The reply from Natal also mentions vacation courses, the Science 
Teachers’ Association, and overseas fellowships. In Transvaal the teachers’ 
associations, of which most teachers are members, have their respective 
study groups. 


MISCELLANEOUS 


In the Cape of Good Hope the secondary course will in the near 
future be commenced one year earlier and thus become a five-year instead 
of a four-year course. General science will be made compulsory for the 
first three years. During the last two years, pupils will select one or two 
sciences for special study. 

In Natal biology has only just been introduced into the schools. 
Its development up the school will take about four years. 

In Transvaal all secondary education under the Transvaal Depart- 
ment of Education is now being reviewed. It is considered that changes 
will shortly be made in the teaching of the science subjects. 
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UNITED KINGDOM 
England and Wales 


From the reply sent by the Ministry of Education 


INTRODUCTORY 


It is important to bear in mind that in England and Wales the Ministry 
of Education does not prescribe curricula, methods or textbooks. Educa- 
tion is therefore (in the words of ‘“‘ The New Secondary Education", a 
brochure published by the Ministry in 1947) “ a partnership between the 
Ministry, the local education authorities, the managers and governors 
of schools, and the teachers. The headmaster or headmistress is responsible 
for framing the curriculum and drawing up the syllabus of his or her 
own school. He may get advice and guidance-——possibly criticism—from 
. His Majesty’s inspectors, but never direction’’. 

This policy leads to great diversity in teaching in general and natural 
science teaching in particular. The information given below is based on 
the practice of existing schools, and is therefore in the main, not pres- 
criptive, but merely descriptive. 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Under the term natural science is included botany, zoology, biology, 
some physiology, a little geology, and anatomy. Mineralogy and geology 
are occasionally linked with geography, and are frequently omitted 
altogether. 

The teaching of natural science varies in different schools. In grammar 
schools, which have an age range of eleven to eighteen, the curriculum 
may cover two, three or four years of general science (embracing physics, 
chemistry and biology); in the fifth and sixth years, physics, chemistry 
and biology are usually taught as separate subjects. 

In boys’ schools the tendency until recently was towards physics 
and chemistry only ; biology has been developed during the past twenty 
years. In girls’ schools the tendency was towards biology, with less 
physics and chemistry. The common trend is now towards general science 
in both boys’ and girls’ schools. The separate sciences are studied in the 
sixth form (the top class). . 

In modern secondary schools, which have an age range of eleven to 
fifteen, both boys’ and girls’ schools are concentrating mainly on general 
science. 





190 NATURAL SCIENCE IN SECONDARY SCHOOLS 





The time allotted to these subjects varies considerably both with 
the type of school and for the pupils within one school. Up to 6 hours a 
week are commonly allotted in grammar schools up to the sixth form, 
and 1% to 2 hours in secondary modern schools. 

Natural science teaching is sometimes optional. It is left to the 
discretion of the individual school. 

The same importance is given to natural science in comparison with 
other subjects in promotion examinations and the secondary school 
leaving examination. 


AIMS 


As noted in the introductory section above, it is the policy of the 
Ministry of Education to suggest, advise and even criticize, but not to 
direct. Thus there are no official instructions, in the true sense of the 
term, concerning the aims of natural science teaching in England and 
Wales. 

The following suggestions, however, are made by the Ministry (in 
the brochure quoted above : “ The New Secondary Education "’): “* The 
course in science should be designed to give pupils some understanding of 
the laws of nature and some grasp of the scientific achievements of man 
In so doing it will inevitably arouse their wonder and stimulate their 
curiosity. If it is successfully worked out, it will encourage a scientific 
attitude of mind.” 

“In all these and in many other ways”, the same brochure states, 
in suggestions with regard to topics for study “ the child may be given 
some understanding of the universe in which he lives, of the phenomena 
that occur in it and of the laws that govern them.” 

In “* Science in Senior Schools " (a pamphlet published by the Ministry, 
then the Board, of Education in 1939, dealing with a type of school that 
the 1944 Education Act has transformed into secondary modern schools), 
among the suggested reasons for teaching physical and natural science 
are the following : 


““(a) A knowledge of the facts and principles gained by scientific 
workers should result in a more rational mode of life; not only is such 
knowledge of benefit to the individual but to the community as a whole, 
e.g., a well instructed public opinion in matters of health should result 
in a healthier and therefore happier community. 


*“(b) Many of the laws of science have been turned to account in 
the field of invention. The whole of the civilised world depends upon the 
labour saving devices which have resulted from these applications. 
Knowledge of the principles underlying such devices may be of value in 
the future vocations of the pupils now in tke schools and the manual 
dexterity acquired in a laboratory may be useful later in the workshop. 


“(c) Even if pupils do not subsequently follow a vocation where 
such knowledge is of practical value, they may derive much pleasure from 
hobbies which would otherwise not have been taken up. 
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**(d) Knowledge of some of the secrets and processes of nature creates 
an intellectual interest in various directions. The world of flowers, of 
animals and of rocks is a book, which if only partially opened at school 
may prove to be of absorbing interest in later life. 


““(e) The riddle of the universe itself, of matter, of time and of space 
is one which man is ever curious to probe. Some beginning of general 
ideas if given at school may serve to quicken latent interests in such 
matters.” 


SYLLABUSES 


As noted in the introductory section above, the Ministry of Education 
does not prescribe syllabuses. The course of study in natural science thus 
varies with each school, and is coloured by the particular school environ- 
ment and the special needs of the children and the area. 

The Ministry (in the brochure quoted above “* The New Secondary 
Education "’) puts forward the suggestion, however, that probably the 
most effective way of achieving the aims of the subject “ is the adoption 
of an integrated syllabus of * general science * that combines in a coherent 
scheme a wide variety of studies covering the whole field of natural 
science.” 

“Topics for study should be selected ", the same brochure continues 
“for their intrinsic importance and interest and not because they fall 
within certain conventional branches of the subject... In rural areas 
there is likely to be a somewhat greater emphasis on biological studies, 
while city schools may pay greater attention to the physical sciences. 
However, in neither type should attention be too much concentrated 
upon one branch. A knowledge of biological principles is essential for 
town children, and an urban environment does not present serious dif- 
ficulties to their study. And the physical sciences are of fundamental 
importance and should be included in the course of rural schools —if only 
on account of the growing electrification and general mechanisation of 
agriculture. Gardening and the keeping of animals are by no means 
limited to rural schools, though here they will be developed most fully. 
Weather science is of interest to everyone, and even in the midst of the 
densest cities the ever-changing panorama of the sky is available for all 
to study... Surveys of local industries and of the processes employed in 
each are valuable, and here the urban school has possibly an advantage.” 


METHODS 


There are no official instructions or directives from the Ministry of 
Education concerning the methods to be used in teaching natural science. 
The following pamphlets published by the Ministry, however, give guidance 
and suggestions as to the general conception a@ science teaching : ‘* Science 
in the Senior School "’ (Board of Education Pamphlet No. 89); “ The 
New Secondary Education ’’ (Ministry of Education Pamphlet No. 9); 
“Our Changing Schools ’’ by Roger Armfelt (prepared for the Ministry 
of Education by the Central Office of Information). 
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The opinion is expressed in ‘* Science in the Senior School’’ that 
* The practice of the scientific method, like that of virtue it self, is inculcated 
better by example than by precept... Scientific method should not be 
preached in the abstract ; rather it should be inculcated as the common 
sense method of dealing with a particular problem.”’ 

The same brochure states: “In a course of work in science, boys 
and girls may obtain some training in ‘ scientific method’, that is, in 
the method of observation, of experiment, of the grouping of significant 
facts, and of deduction from all these. They realise by what slow degrees 
accurate knowledge is won, the place of hypotheses, the need of caution 
in forming judgments, the necessity for experimental verification and for 
carefully weighing evidence.” 

In the actual practice of schools, various methods of teaching are 
used, such as demonstration ; practical work by the class as a whole, 
and by groups and individuals ; visual aids ; field study and other expedi- 
tions, and lectures outside school. Work is also done in science clubs 
after school hours. 

Formal teaching, observation and active experimentation all have a 
place in the teaching of natural science. In secondary modern schools 
practical work is limited by the qualifications of the teachers, accom- 
modation and large classes. 

Observation and experimentation are carried out in all the ways 
described to a greater or lesser extent according to the conception of 
science teaching held by the school. The same may be said of the use of 
teaching aids. There are no instructions about such equipment. 

The knowledge acquired in natural science lessons is applied practically 
to daily life to an extent which varies from school to school. 

The Ministry does not prescribe or recommend textbooks. Schools 
are encouraged officially to build up a good reference library containing 
readable and popular books on all scientific subjects as well as standard 
books of reference. 

A comprehensive list of films and filmstrips suitable for use in 
secondary schools has been published by the Educational Foundation for 
Visual Aids, part III of this list being devoted to science. The films and 
filmstrips included in this catalogue have been divided into two categories : 
(a) teaching material and (b) material for general and background work. 
The teaching films and filmstrips are those which have a specific teaching 
purpose and may be used as part of the school curriculum. The films and 
filmstrips suggested for general use are those which are of a general educa- 
tional interest and may be used either for general work in the classroom, 
or more often for showing to school clubs and societies. Teaching films and 
filmstrips may be purchased or borrowed through the Educational Founda- 
tion. Teachers are encouraged, however, to produce their own filmstrips 
and even their own films. 


TEACHING STAFF 


Teachers of natural science in grammar schools almost invariably 
have honours or pass degrees. In secondary modern schools many teachers 
hold a teaching diploma in science as one of the subjects taken at the 
training college. 
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General science, which includes chemistry and physics as well as 
the biological sciences, is sometimes taught by one teacher, but often 
it is taught by two or more teachers who integrate the syllabus between 
them. 

All the means mentioned in the questionnaire are used to keep serving 
teachers up-to-date in their scientific knowledge. The Science Masters’ 
Association and the Association of Women Science Teachers are especially 
energetic in this respect for the grammar schools, and these and other 
associations are open to teachers in secondary modern schools. 

The Ministry has during the past four years organised courses for 
science teachers which are held abroad with the object of exchanging 
information and ideas with teachers in other countries. 


Northern Ireland 


From the reply sent by the Ministry of Education 


PLAcE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is taught in Northern Ireland at the junior stage 
(pupils 11 to 15) and the secondary stage (pupils 15 to 18) of the secondary 


grammar schools, and in the secondary modern or intermediate schools 
(pupils 11 to 15). 

At the junior stage of the secondary schools, 2 hours a week are 
devoted to experimental science in the first two years and 3 hours in the 
3rd and 4th years, one-quarter of these time allowances being given to 
natural science. About 95% of the boys and 40% of the girls are taught 
experimental science, 

At the senior stage, 34% hours a week are set aside for biology and 
botany in each of the three years. These subjects are optional, and are 
taught in only 20% of the grammar schools of the country. About 8-10% 
of all senior stage pupils study either biology or botany. 

In the secondary modern or intermediate schools, 14% hours a week 
are devoted to science in the first two years, and 34% to 4 hours in the 
3rd and 4th years. In these last two years, about one-half of this time 
allowance is given to natural science. Natural science is taken by all 
boys and girls in these schools, either in the science, rural science and 
garden science classes or as part of the health education course. 

In the secondary grammar schools, no great importance is attached 
to science subjects in promotion examinations. For the Junior Certificate 
Examination (taken at about the age of 15 years), a pupil must pass 
in six subjects, of which English, arithmetic, history or geography, and 
a modern language are compulsory. Experimental science ranks as an 
additional subject (which may be used by the pupil to fulfil the condition 
of passing in six subjects), and therefore it has less importance than the 
five subjects specified as compulsory. 
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At the senior stage, the natural science subjects, biology and botany, 
are alternative subjects, which may be used by the pupil to make up his 
quota of six subjects required to pass the Senior Certificate examination. 
At least one of these six subjects must be a mathematical or science subject. 

In the secondary modern schools, performance in science is taken 
into account in deciding the course of study followed by pupils in the 
3rd and 4th years of their school career. There is no leaving examination. 


AIMS 


At the junior stage of the secondary grammar schools, according to 
Memorandum on the Junior Science Syllabus (issued in 1950 by the 
Ministry of Education) “ the teaching should provide as wide a course as 
is possible at this stage for all pupils, and at the same time should cater 
for the special requirements of those who intend to continue the study 
of scientific subjects. The aim should be the application to everyday life 
of the scientific facts and principles learned. The course should develop 
in the pupil habits of (a) careful observation, accurate description, logical 
reasoning ; (b) using simple scientific apparatus with skill and care ; 
(c) treating problems in a scientific manner. In addition pupils should 
be encouraged in interests and hobbies of a scientific nature ”’. 

As regards the senior stage the Memorandum on the Teaching of 
Biology (issued in 1948 by the Ministry) states: “ The teaching should 
provide a course in biology (or botany) which will be of general educational 
value. It is considered that biology (or botany) should be taught on a 
broad comparative basis, with constant emphasis on general biological 
principles, especially as they apply to the everyday life of man. Pupils 
should be encouraged to study living organisms in their natural environ- 
ment, and the teaching throughout the course should be linked with field 
and garden work wherever possible.” 

In the secondary modern schools, the course of science taught should 
include sufficient natural science to create a sound attitude on the part 
of pupils towards their personal health, based on an elementary knowledge 
of the principles of human biology and of their application to the art of 
rational living. Pupils should also be encouraged to investigate the world 
in which they live by exploring the countryside and discovering how 
plants and animals live together in it. 

The course in rural science should provide the essential link between 
the work of the country school and the life of the community it serves. 
A knowledge of the countryside and of the life of the farmer can best be 
acquired through active association with a garden, with the farms of 
friendly neighbours, with animals kept at school and at home, and through 
the activities of a Young Farmers’ Club. The rural science teaching should 
develop basic scientific ideas in relation to rural topics and be correlated 
with craftwork, but it should not become strictly vocational in outlook. 


SYLLABUSES 


The following is the natural science content of the experimental 
science syllabus: (a) characteristics of living things, dependence of all 
life on sun’s energy; (b) simple study of a vertebrate (man); (c) life 
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history of the frog; (d) simple study of the flowering plant; (e) simple 
natural history of any one habitat ; (f) the living soil, the food-yielding 
grass family. 

The senior biology syllabus is as follows: (a) the characteristics of 
living things ; (b) the flowering plant : structure and function illustrated 
by simple plant physiology experiments ; (c) the mammal: the general 
elementary structure and physiology of a typical mammal illustrated 
by dissections and demonstrations of the rabbit; (d) the cell; (e) the 
variety of living things, their relationship to each other and to their 
environment ; (f) the soil in relation to plant and animal life ; (g) natural 
history: the relation between organisms and their environment and 
with each other in a habitat selected by the student; (h) biology and 
man : relating the pupil’s biological knowledge to the problems of every- 
day life. 

The senior botany syllabus is as follows: (a) the characteristics of 
the living organism; (b) the structure of the flowering plant; (c) the 
physiology of the flowering plant ; (d) the cell ; (e) reproduction in flowering 
plants ; (f) the study of selected plant families, as a step towards the 
detailed systematic identification of the plant species in natural habitats ; 
(g) gymnosperms and flowerless plants, studied from a comparative and 
evolutionary standpoint, and compared with the flowering plant; (h) 
natural history (as in the senior biology course). 

No detailed syllabus in natural science subjects is laid down for 
intermediate schools. Most teachers treat the following topics: (a) dis- 
discovering how our bodies work, and how to look after them ; (b) looking 
for a plan and a pattern in the rocks and stones; (c) exploring the 
countryside and discovering how plants and animals live together in it; 
(d) growing things in the garden ; (e) investigating the science of housecraft, 
and wood and metal crafts. 

The syllabus followed in the rural science course will be determined 
by the school environment and the experience and initiative of the teacher, 
but it should comprise : (a) a study of science applied to agricultural and 
horticultural practice ; (b) practical experimental work on the school plot 
of land ; (c) a study of the yearly cycle on the farm and in the garden ; 
(d) simple farm craftwork and maintenance repairs ; (e) weather recording. 


METHODS 


The Ministry of Education has published memoranda (see above) 
providing guidance to teachers in the methods to be used in the teaching 
of natural science. 

The Ministry encourages teachers to treat the natural science subjects 
experimentally and to study plants and animals in their natural environ- 
ment. The memorandum on the teaching of biology states, for example : 
“ Scientific theught is critical and creative and our biology (or botany) 
must measure up to this pattern. It must be much more than mere observa- 
tion and record to be tested by memory. We must carry out experiments, 
collect data, ask questions and propose solutions which can be put to the 
test. Biology (and botany) in the past has been largely the study of 
structure—the memorising of floral diagrams or the bones of the arm. 
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This attitude should be minimised and pupils should always be encouraged 
to study structure against the background of function: structure and 
function are two aspects of the same thing.” 

In the Memorandum on the Teaching of Junior Experimental Science, 
teachers are encouraged to study plants and animals in “the garden, 
the fields, the parks, the ponds, the seashore, wherever, in short, living 
things may be found and studied.” 

Teachers of science in the secondary modern schools are encouraged 
to regard observing and experimenting as the backbone of any effective 
course of natural science. The teacher should use the pupils’ interests, 
experiences and needs as the significant factors in his presentation of 
natural science. 

In the teaching of rural science the Ministry suggests that: “ Full 
advantage should be taken of the exceptional opportunities for connecting 
the work of the classroom and the garden plot with that of the rural 
community through periodic visits to local farms to study modern practice 
in plant and animal husbandry.” 

Much of the teaching of natural science in all types of secondary 
schools is formal and academic in character, but the active participation 
of the pupils in the lessons, through observing and experimenting, is 
constantly encouraged. 

Individual work on the part of the pupils is encouraged through 
the provision of many simple experiments, the keeping of illustrated 
records of observations and experiments, the making of nature diaries 
and the collecting of plant and animal specimens. 

Laboratory experiments are done in the way of simple physiology 
experiments using plants, or carried out on the pupils’ bodies. Observation 
is made of pond animals in aquaria, of the development stages of a frog, 
of the breeding of insect larvae, of the growth of plants in pots, and of 
seeds and seedling stages. 

Teachers are encouraged to build up a school biological garden as 
an invaluable aid in providing the material and the environment for 
experimental work with living things. They are advised to take their 
pupils outside the classroom to a quarry, to the seashore, to a milk farm, 
etc. Questionnaires for the pupils are drawn up to make visits educational. 

Teachers of natural science at all levels of instruction are encouraged 
to apply the knowledge and the scientific principles learned in the classroom 
and in the field to the everyday problems which govern their pupils’ lives. 

Teachers are free to choose the textbooks used by their pupils. Text- 
books are not generally used at the junior level of instruction, but all 
schools are encouraged to build up libraries of reference books, natural 
history key-books, practical work books, illustrated materials, etc. All 
pupils (whether they use a textbook or not) keep a practical notebook 
in which they record observations, experiments, summaries of work, etc. 

The main teaching aids used in natural science teaching are (a) 
simple apparatus for experiments with plants and animals, (b) collections 
of natural objects (both living and preserved), (c) pictorial charts and 
blackboard diagrams. 

A few schools use filmstrips and films, which are obtained from the 
Ministry of Education’s Educational Film Library. 
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Some intermediate schools send pupils to the local museum for 
lessons on natural science topics, given by the schools’ adviser on the 
museum staff. 


TEACHING STAFF 


Teachers in biology or botany at the senior stage of the secondary 
grammar school must be graduates in science, who have successfully 
completed two university courses in natural science subjects. Teachers 
have also to teach successfully for a two-year probationary period to 
obtain full recognition as a natural science teacher. 

At the junior stage, teachers must be graduates in science, who 
have successfully completed at least one university course in a natural 
science. Graduates with honours in chemistry or physics are given per- 
mission to teach natural science at the junior level. 

The following teachers are granted recognition to teach science in 
intermediate schools on the successful completion of the probationary 
period : (a) graduates in science ; (b) three-year college trained teachers, 
who have successfully completed a fourth-year specialist course in science 
teaching. 

All science teachers are encouraged to teach natural science subjects 
at the grammar school junior level, or at the intermediate school level. 
Senior biology and senior botany are taught by a specialist teacher in 
natural science subjects. 

Science teachers are kept up-to-date in their scientific knowledge by 
(a) refresher courses in science at the Ministry of Education’s annual 
summer school for teachers, (b) attendance at the meetings of the local 
branches of the Science Masters’ Association, and the Association of 
Women Science Teachers, (c) attendance at the Science Masters’ Associa- 
tion’s annual meeting in England, expenses being subsidised by the 
Ministry of Education, (d) further education scholarships in science 
awarded by the Ministry of Education, (e) subscribing to educational 
and scientific journals, e.g., School Science Review, Discovery, Endeavour, 
Science News, etc. 


Scotland 


From the reply sent by the Scottish Education Department 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


A course in science must be given in the first three years (age range 
from 12 to 15) of all types of Scottish secondary schools. This course 
must include physics, chemistry, botany and zoology. The inclusion of 
other science subjects such as geology and astronomy is left to the discre- 
tion of the teacher. 
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If a week is taken as covering forty periods of forty minutes, then 
science should receive five periods per week in each of the first three 
years of academic and boys’ technical courses, and four periods in each 
of the first three years of girls’ commercial or domestic courses. In these 
courses it is expected that approximately one-third of the time will be 
devoted to biology (i.e. botany and zoology). It is not intended, however, 
that biology, physics and chemistry should be treated as separate and 
self-contained subjects, and the study of water for example, would combine 
all three. 

After their third year, pupils may drop the study of science, if they 
so desire. Those who continue the subject, however, in their fourth and 
fifth years, with the intention of taking science as one of the subjects in 
the Scottish Leaving Certificate Examination, are required to concentrate 
on the study of two branches of science. The science branches in which 
papers are at present set are physics, chemistry, botany, zoology, zoology 
with human physiology, and engineering (applied mechanics and heat 
engines). A pupil, therefore, does not necessarily study natural science 
after his third year. 

Within the secondary school as much importance is attached to 
science (including biology) as to other subjects. 

As regards examinations, there is no external leaving examination 
for pupils, on the one hand, who leave the secondary school at the age 
of fifteen. They receive a “‘ School Leaving Record”’, in which science is 
given the same prominence as other subjects which must be studied 
throughout the first three years. 

Pupils who remain to the end of the fifth year (age seventeen), on 
the other hand, normally sit the Scottish Leaving Certificate Examination. 
If they select science as one of their examination subjects, they may 
choose any two of the science subjects listed above. 


AIMS 


“The purpose of science teaching’, according to the memorandum 
“Science in Secondary Schools’ (published in 1951 by the Scottish 
Education Department, and covering the first three years of secondary 
education), “is to give the pupil some understanding of the structure 
of his material environment and to show how such an understanding 
enables man, on the one hand, to adapt himself better to that environment, 
and, on the other, to mould it to meet his needs. To achieve this purpose 
the school should give the pupil (i) some familiarity with scientific method, 
(ii) a co-ordinated body of scientific knowledge.” 

** With the enormously wide and successful application of physics 
and chemistry in the nineteenth century,” the memorandum also states, 
‘“‘emphasis both in research and in teaching was naturally laid on these 
sciences. In recent years, however, biology and its many applications have 
assumed an equal importance, and there has also been a growing appre- 
ciation of the unity of science. Teaching practice should reflect these 
developments. The subject matter should be drawn mainly from physics, 
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chemistry and biology, the several branches being co-ordinated as far 
as possible... A course on these lines, leading to some understanding of 
natural phenomena and of the ways in which man has applied his scientific 
knowledge, and to some study of man as a physical organism, would meet 
the educational requirements of all pupils.” 


“ The essential unity of plant and animal life and their interdepen- 
dence *’, the memorandum further states, ‘‘ should be stressed. The teach- 
ing should also be so directed that a natural and important place is found 
for a study of the functioning of the human body. Inculcation of the 
principles of physical fitness and healthy living should be kept in mind 
throughout, and the responsibility of the individual towards himself 
and the community in maintaining good standards of hygiene should 
be emphasized.” 


SYLLABUSES 


The biology syllabus outlined in the same memorandum, covering 
the first three secondary years, covers the following: study of a typical 
flowering plant (structure, as seen by a hand lens, and functions of parts) ; 
study of a mammal, e.g., rabbit, with reference to man (main bones, 
joints, muscular movement ; position, appearance and function of main 
organs ; brief outline of nervous system); the role of water in plant and 
animal life ; nutrition, respiration and reproduction in plants and animals ; 
dispersal of a few common fruits and seeds ; germination ; external features 
and life history of a protozoan, earthworm, butterfly, housefly or blowfly, 
fish, frog, bird ; field work during each season. 

Schools construct their own schemes of work in accordance with 
this syllabus, which show the teaching order to be followed and the 
emphasis to be placed on the various items, and which must be submitted 
to the chief inspector for his approval. 

Pupils who, continuing after their third year, select botany, zoology, 
or zoology with human physiology for the Scottish Leaving Certificate 
Examination at the end of their fifth year, work in accordance with the 
following (abridged) syllabuses : 


Botany : (i) The difference between (a) living organisms and non-living 
matter, (b) plants and animals; (ii) organisation; (iii) classification ; 
(iv) nutrition ; (v) reproduction and growth ; (vi) relation to the environ- 
ment; (vii) evolution (a general conception of evolution, struggle for 
existence, without involving Mendelian inheritance). 


Zoology: (i) the difference between (a) living organisms and non- 
living matter, (b) animals and plants; the resemblances between animals 
and plants; (ii) the structural and functional study of such types as 
amoeba, hydra, earthworm, cockroach, haddock, frog, rabbit; (iii) the 
biology, including the life-history, of common animals; (iv) seasonal 
rhythm of animal life ; (v) the animal associations, or ecology, of a pond 
(or a shore-pool), a wood (or a sandy shore), a hedgerow (or a dry-stone 
dyke) ; (vi) the struggle for existence ; the inter-relations of animals, and 
of animals and plants ; important examples of animals useful or injurious 
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to man ; (vii) the principal recognition characters of the chief groups of 
animals, an elementary consideration of heredity, variation, evolution. 


Zoology with Human Physiology: candidates offering both zoology 
and human physiology are required to take sections (i), (ii), (iii) and (vii) 
from the above zoology syllabus, and in addition the following : general 
structure of the human body and the forms, positions and uses of the more 
important tissues and organs ; the skeleton ; food and nutrition ; digestion ; 
excretion ; respiration ; circulatory system ; nervous system ; metabolism ; 
influence of environment on health, and the general care of the body. 


METHODS 


‘“* Experiments "’, according to the above-mentioned memorandum 
“* Science in Secondary Schools ”’, ‘‘ must form the basis of science teaching, 
and wherever practicable they should be performed by the pupils them- 
selves. There is no adequate substitute for this individual practical 
work. For many it is a most important method of intellectual training 
and to all it affords first-hand experience of various aspects of scientific 
method.” 
er... Teaching material ’’, the same memorandum also states, ** should 
be drawn chiefly from living plants and animals. Charts and models, 
though useful suppiements, are at best poor substitutes for actual 
specimens. 

“The special opportunity which biology affords in training powers 
of observation will be used to full advantage only if observations are 
made at first-hand ; drawing should be made by the pupil with the mini- 
mum of aid from the blackboard or textbook illustrations. Much time 
that is at present spent on the writing of long, dictated descriptions, 
would be better used in an unhurried examination of the plant or animal. 

“Experimental physiology should occupy a prominent place in 
every scheme. In practical work, simplicity, without loss of reliability, 
should be aimed at. The purpose of each experiment should be clearly 
stated, and care taken that it is not obscured by irrelevant detail. Experi- 
ments need not all be performed in the laboratory ; some are more properly 
carried out in the open, e.g., in a school garden, where conditions approx- 
imate to those of a natural habitat. In dealing with human physiology, 
no opportunity should be lost of introducing simple experiments which 
the pupils can carry out on themselves, e.g., on circulation of the blood 
and respiration. 

“Everything possible should be done to encourage field studies.”’ 


Laboratory accommodation is available in all secondary schools, 
and experimental work is an essential part of every course. Pupils are 
expected to draw the plants and animals which they study, in some detail. 
School gardens are available in all schools pursuing a rural subject course, 
but not necessarily in other schools. The keeping of pets is not as a rule 
an undertaking that can be attempted in any but a few of the rural schools. 
The amount of time given to nature study, local studies, individual collec- 
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tions, nature rambles and visits to factories depends on the situation 
of the school, the interests and abilities of the pupils, and the inclinations 
of the teacher. 

Throughout the memorandum the importance of the applications 
of scientific principles is stressed, especially as regards physical fitness and 
healthy living, personal and community hygiene, and the preservation of 
natural beauties. 

No instructions are issued concerning the choice and use of textbooks. 
Some schools do not use science textbooks during the first three years of 
the course, and consider that the laboratory notebook can be compiled in 
such a way as to provide for immediate purposes. 

All secondary schools have a supply of apparatus for experimental 
work. How far the other aids enumerated in the questionnaire are used, 
depends on the resources of the individual schools. No specific instructions 
are issued concerning these other aids, but reference is made to them in 
the memorandum. It recommends the use of illustrations and models, 
filmstrips, films (especially in biology, “‘ where it is sometimes very 
desirable to depict movement "’), a wide range of scientific litrature of a 
simple and attractive sort, a stock of elementary reference books, organised 
and carefully planned visits to show pupils applications of science to 
industry, the use of museums, broadcast lessons, etc. 

Schools may hire films from the Scottish Central Film Library in 
Glasgow, which now holds copies of all the principal educational films 
available in Great Britain, and is in addition the distributor in Scotland 
of all Central Office of Information and United States Information Service 
films, and of films produced by or for many other national and industrial 


organisations. Many of the films listed in the catalogue issued by the 
Library illustrate natural science subjects. The Edinburgh Education 
Department publishes a list of recommended filmstrips. 

Classes and displays for schools have since 1941 been organised, 
by a joint museums and education committee, at the Glasgow art gallery 
and museums, and include natural science topics. 


TEACHING STAFF 


According to the official regulations on the training of teachers, a 
science teacher must possess a degree or equivalent qualification including 
one or more science branches, for work in the first three years of the second- 
ary course, and should normally hold a Ist or 2nd class honours degree, 
for work in the 4th and 5th years. Before entering the teaching profession, 
the holder of a degree or equivalent qualification must spend a year at 
a training college, where his course includes instruction in methods of 
teaching science. 

In the first three years of the secundary course, the same teacher 
normally teaches all the science subjects. In the 4th and 5th years, there 
may be one teacher for botany and one for zoology, or one teacher may 
take both subjects. 

The Educational Institute of Scotland and the Scottish secondary 
teachers’ association both have science teachers’ sections. These sections 
arrange lectures and discussions on science topics. A beginning has been 
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made with the provision of special facilities for field studies in Wigtown- 
shire and Perthshire. Many teachers are members of the local natural 
history societies to be found throughout the country. Many science 
teachers are members of the science masters’ association or of the associa- 
tion of women science teachers, and consequently receive copies of the 
School Science Review. Teachers may interchange with teachers in the 
Dominions or the United States. 


MISCELLANEOUS 


No modifications are envisaged in the curricula of the first three 
years of secondary education. As regards the 4th and 5th years, it is 
proposed to dispense with the separate courses in zoology and zoology 
with human physiology, and to replace them with a single course in zoology 
in which the study of a mammal would include special reference to man. 





UNITED STATES 





UNITED STATES 


From the reply sent by the U.S. Office of Education 


INTRODUCTORY 


In the United States, legal control of the public schools does not rest 
with the federal government, but with the elected and appointed authorities 
of the separate states and territories. Within the general pattern of educa- 
tion there is thus a great diversity of instructional practices, courses, 
size, legal control, financial support, and physical and social environments. 

Considerable uniformity, however, does exist in education. This 
uniformity has developed through the voluntary cooperation and profes- 
sional leadership of educational institutions, accrediting agencies, asso- 
ciations of educational workers, state departments of education and the 
U.S. Office of Education. 

In general the varied curricula of the elementary and secondary 
schools are designed to provide general education for all, and differentiated 
and specialized education to meet the varied interests and needs of 
individuals. 

Science education in the elementary and secondary schools can be 
understood only in the light of these broad purposes. This applies to 
natural science as well as to all other areas of the curriculum, and should 
be taken into account in any consideration of the answers supplied to the 
questionnaire. 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Courses in natural science subjects are given in the high schools. 


General biology is offered in 90%, of these schools, and most of the 
pupils take the subject or its equivalent at some time during their high 
school years. Most frequently it is taught in the 10th grade (children of 
15 years of age), five weekly periods of 50 minutes being devoted to it. 
It is compulsory in 56%, of the schools. 

General science is offeréd in a very large percentage of the junior 
high schools (7th to 9th grades, children from 11 to 14 years). It is com- 
pulsory in the 7th and the 8th grades and optional in the 9th grade. 
Two to three periods a week are devoted to it in each class. 

Health is offered throughout the junior and the senior high schools in 
59% of the schools, i.e., to children from 12 to 18 years of age. It is a 
compulsory subject, and one to five periods a week are devoted to it. 


Zoology and botany are usually specialized courses offered for pupils 
who are planning a college or professional career. The course in general 
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biology is a pre-requisite. They are offered in a small percentage of schools 
for five periods a week for one year. 

Physiology is offered in the junior or in the senior high schools as an 
optional subject in 9% of the schools. It is taught for five periods a week 
for one semester or one year. Some schools have changed the title of this 
course to “ health ”’. 

Courses under the titles of mineralogy and geology are not offered 
in the high schools, but courses in general science, chemistry, physical 
science and physics usually deal with these topics in varying degrees. 

In United States secondary schools, promotion examinations and 
school-leaving examinations, as known in European schools, are not 
commonly used except in a few private schools modelled on a European 
pattern. Standards of achievement for each subject taught are usually 
determined by the teachers and other local school officials involved, 
and are dependent upon the educational philosophy of these officials, and 
not on an outside examining body. An exception is the State of New York. 

Approximately 40% of the high schools of the country stipulate 
credit in general biology, i.e., successful completion of the course according 
to local standards, for graduation from high school ; approximately 20% 
stipulate credit in the course in the college preparatory, commercial, or 
vocational curricula ; and about 45% do not stipulate the course. Most 
schools, however, stipulate one year of a laboratory science for graduation 
from high school and the majority of the pupils choose general biology to 
satisfy this requirement. 


AIMS 


As indicated above, there are no official instructions regulating the 
different sections or types of secondary schools. Several state departments 
of education and many county and city school systems, however, have 
prepared courses of study for the various subject areas, in which the 
instructional aims and objectives are stated. 

Some recent courses of study for general biology, some textbooks 
which are widely used throughout the country, and the published recom- 
mendations of national professional organisations have listed the following 
aims for the study of biology : (1) to develop in the pupil a proficiency 
in the use of the scientific method ; (2) to create certain desirable scientific 
attitudes in the pupil ; (3) to equip the pupil with a knowledge of biological 
facts and principles ; (4) to increase the pupil's interest in living things ; 
(5) to enable the pupil to make proper social (home, school and community) 
adjustments ; (6) to have economic value for the pupil; (7) to enable a 
pupil to make wise vocational selections ; (8) to help a pupil make better 
use of leisure time ; (9) to prepare a pypil for future study or a career ; 
(10) to direct a pupil to more healthful living. 


SYLLABUSES 


The topics or “ problem areas"’ in the course in general biology, 
ranked according to the number of schools reporting that the topic is 
emphasized in their course, are the following : (1) genetics, heredity and 
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race ; (2) conservation ; (3) health (including foods, nutrition, and disease 
control) ; (4) the variety and characteristics of living things ; (5) human 
biology, and psychology ; (6) plant and animal biology ; (7) reproduction 
(including sex education); (8) adaptations and evolution ; (9) ecology. 

Information on the problems emphasized in the other natural science 
subjects commonly taught in the high school is not readily available. 


METHODS 


As stated above, there no official recommendations concerning the 
methods to be used in teaching natural science. Many states and many city 
and local school regulations specify, however, that a minimum of one 
year of a laboratory science must be successfully completed to secure a 
diploma. This, in effect, makes it necessary for the schools offering such 
courses to provide for some laboratory experience in the instruction, 
and to equip laboratories for these courses. 

A recent survey of a representative sample of large high schools 
(over 500 enrolment) shows that an average of approximately 31% of 
the instructional time in general biology in these schools is devoted to 
laboratory work, which includes observation of demonstrations and 
active experimentation. About 69%, of the time is devoted to recitation 
and formal teaching. The smaller high schools devote considerably more 
time to recitation, and less time to laboratory work. 

Information on the other natural science courses is not readily 
available. 

All the observation and experimentation procedures listed in the 
questionnaire are used in the teaching of general biology, but to widely 
varying degrees. 

Running school gardens, keeping pets, setting up school museums 
and making individual collections are activities which are typical of those 
used as “ pupil projects ” in United States schools. Approximately 82% 
of the high schools use “ projects "’ in general biology. These projects 
may be several small projects carried out by individual pupils during the 
year or they may be single large projects carried out by groups of pupils, 
or possibly by all the members of a class, or by all the pupils in the school 
taking the course. Examples of some of these are operating a school 
forest, carrying out a school-grounds beautification project, and settling 
up a nature trail or wild-life refuge. 

Nature rambles and visits to factories and other enterprises are 
designated as field trips or excursions in United States schools. Approxim- 
ately 78°, of the high schools report that they make from a minimum 
of one to a maximum of twenty trips during the school year in connection 
with the course in general biology. The schools reporting that they do not 
take trips are small high schools in rural areas, and large high schools 
in congested urban areas where suitable areas are difficult to reach, 
or schools in which a rigid schedule of classes does not permit the pupils 
to be away from the school for more than one class period. 

The knowledge acquired is applied practically to daily life, but in 
varying degrees in different types of high schools and in different parts 
of the country. 
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As regards textbooks, the method used in many states, counties and 
large city school systems is to set up an “ approved list’ of textbooks 
which have been judged to be appropriate for use in the public schools 
in the area involved. Individual teachers, committees of teachers, or 
teacher, principal and superintendent working together may then select 
one or more books from this list. In many school systems the textbooks 
used by the pupils are purchased by the school board out of public funds, 
and loaned to the pupils free of charge. 

Approximately 80%, of the schools teaching general biology report 
that a single basic textbook is used. Those schools which do not use a basic 
textbook, report that they use several textbooks, supplemented by magaz- 
ines and industry-prepared materials. 

There are no official instructions regarding the use of equipment ; 
this matter is usually left to the discretion of the individual teacher. 
The aids reported as being regularly used for general biology in 70% of 
the high schools, include the following: charts, preserved specimens, 
living specimens, films and filmstrips, microscope slides, and posters and 
pictures. Relatively few schools report the regular use of materials from 
school museums, of recordings or of television programmes. Several large 
city systems in the country are experimenting with television programmes 
which are designed specifically for use in the schools. 

Practically all schools have some kind of a school library with books 
dealing with the popular phases of the biological sciences. Relatively 
few of the schools use classroom libraries. The typical large high school 
reports that five scientific magazines or periodicals are available for pupil 
use. 


TEACHING STAFF 


In practically all the states, high school teachers must be college 
graduates, the minimum requirements of college professional preparation 
being four years in most cases, five years in some states. The trend is 
towards having the same quantitative requirements for elementary as for 
secondary teachers, towards establishing minimum requirements for all 
teachers at least at the bachelor’s degree level for initial certification 
and teaching, and towards the five-year college preparation requirement 
for permanent or continuing certification. 

Science teachers, in particular, must take special credits in science 
subjects during their general professional training. There are no special 
certificates restricted to science teaching. 

In the larger high scheels there may be from four to eight full-time 
teachers for the natural science courses. ,in the medium high schools, 
one teacher may teach al! the science subjects offered in the school. In 
small high schools with less than one hundred pupils, only one science 
subject may be offered each year, e.g., biology, chemistry and physics 
may be taught consecutively during a three-year period ; in such schools the 
science teacher has a variety of other teaching and administrative duties. 

The most common means of keeping teachers up-to-date in their 
scientific knowledge are refresher courses and in-service “ workshops "’, 
institutes and extension classes offered (usually during the summer) 
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by colleges and universities. Several large industrial concerns offer scholar- 
ships for science teachers which permit them to study part-time on a 
university campus, and part-time in industrial plants, observing the 
applications of scientific principles in the processes involved. 


MISCELLANEOUS 


Many modifications in natural science teaching are anticipated to 
meet the emergency which exists today. Many schools report an increased 
emphasis, in courses on the biological sciences, on first aid and on the 
home care of the sick and injured. Other schools are extending present 
courses or adding new ones, on health, to meet the need for physical 
fitness and increased personal and social health. All such changes will 
be made at the discretion of local authorities. 





NATURAL SCIENCE IN SECONDARY SCHOOLS 





URUGUAY 


From the reply sent by the Ministry of Education and Social Assistance 


PLACE OF NATURAL SCIENCE IN THE CURRICULUM 


Natural science is compulsory at both stages of secondary education 
in Uruguay. 

At the first stage (a four-year one which pupils begin at the age of 
12 or 13), natural science covers : Ist class, botany and zoology, for three 
periods a week; 2nd class: human anatomy, physiology and hygiene, 
for three periods a week ; 4th class: general biology and social hygiene, 
for one period a week each. 

In the two classes of the second stage (pupils of 17 and 18 years of 
age) preparing for entrance to a university, natural science is continued 
and developed. Three periods, and one hour of individual practical work, 
are devoted to it per week. 

The same importance is attached to natural science as to other subjects. 


AIMS 


The objective of natural science teaching is not only educational, but 
also to give guidance for a pupil’s whole material and spiritual life. An 
endeavour is made to arouse his artistic and literary ambitions, to purify 
his feeling, to increase his love for nature, and to enable him to appreciate 
the natural features of his homeland. Teaching has the character of general 
education at the first stage, and of preparation for university studies at 
the second. 


SYLLABUSES 


The first stage syllabuses deal progressively with the increasing com- 
plexity of living beings and things. They include the elementary structure 
of the human body, so as to give understanding of its functions and of the 
principles of health. The pupil's ability to observe is developed by drawing 
his attention, to the biological struggle going on in nature. Special 
emphasis is laid on the study of the national flora and fauna as an educa- 
tional activity based on an understanding interest in their conservation 
and on respect for the nation’s heritage. 


METHODS 


It is the responsibility of the natural science inspector to give guidance in 
the subject, and to issue instructions through circulars or personal advice. 
To ensure that the knowledge prescribed for a given period is acquired, 
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information and appreciation are first given, followed by observations 
and analyses by the pupils under the supervision of the teacher. Greater 
value is attached to stimulating observation, appreciation and analysis, 
than to developing a habit of collecting for the mere desire of possessing. 

At the first stage, natural science teaching should always combine 
theory and practice, make use of natural materials, and be supplemented 
by means of wall charts, lantern slides and models. Pupils are required 
to participate in the demonstration of plants and animals, in experiments, 
etc. Excursions are arranged to the woods, fields and beaches, and visits 
to museums and factories, and are expected to arouse the pupils’ interest 
and help them in the choice of their future career. Exhibitions of pupils’ 
work and of teaching materials are also organised. 

At the second stage, one hour a week of practical work is added to 
the programme, during which pupils undertake individual observations, 
analyses, dissections etc., completed by homework for correction by the 
teacher. 

Teachers have a certain latitude in the choice of textbooks. They 
choose those which they consider best adapted to their pupils’ intellectual 
powers. The teachers themselves, however, are expected to be the living 
book extending and deepening what is given in the textbook. 

Every effort is made to provide laboratories with all necessary 
equipment. Basic equipment is nowhere lacking, and some schools are 
very well provided. There exist in addition projectors, films, school 
broadcasts, etc., and books from the school library. 


TEACHING STAFF 


A training college for secondary teachers is now being organised. 
So far, secondary teachers have for the most part been university graduates. 

As a rule the various natural science subjects are taught by the same 
teacher. 

Teachers obtain further training through the steady help and advice 
of the inspector, lectures and special courses arranged by the secondary 
education directorate and the natural history museum, etc. 


MISCELLANEOUS 


A constant effort is made to improve natural science teaching. Recom- 
mendations in this connection has been issued by the secondary education 
authorities in a series of circulars. 

At the present time some mineralogy and geology are included in 
the geography programme. A plan exists whereby special courses in 
these subjects would be added to the syllabus of the 4th class of the first 
stage. So far, only pupils preparing to take up engineering have such 
special courses. 
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VENEZUELA 


From the reply sent by the Ministry of National Education 


PLace OF NATURAL SCIENCE IN THE CURRICULUM 


Secondary education in Venezuela comprises two stages : the junior 
stage, with a four-year general, scientific and humanistic programme, 
and the senior stage, with philosophy-arts, physics-mathematics, and 
biology sections and a one-year programme of preparation for university 
studies. Pupils begin the junior stage at the age of 13, and the senior one 
at the age of 17. 

Natural science is taught under the heading of biology at the junior 
stage in the Ist, 2nd and 4th classes, and at the senior stage comprises 
botany, zoology, biology, anatomy and physiology in the biology section, 
and mineralogy and geology in the physics-mathematics section. 

Natural science is always compulsory. Three periods a week of 
formal teaching and three periods (two only, in the 4th class) of practical 
work are devoted to the subject at the junior stage, and three periods 
of formal teaching and three periods of practical work, in the physics- 
mathematics section, and three periods of formal teaching and six periods 
of practical work, in the biology section, at the senior stage. 

At the junior stage the same importance is attached to natural 
science as to other subjects. At the senior stage, more importance is 
attached to natural science in the biology section than to other subjects, 
and it is regarded as being a basic study with physics and chemistry. 
A pupil obtaining during the course less than 40 points (the maximum 
being 100) in two basic studies, loses his right to sit for the final exam- 
inations; a pupil failing in two basic studies at the examination, is deemed 
to have failed the course, and to be allowed to sit for the examination 
a second time must repeat the year of the course in all subjects. 


AIMS 


The official programmes give the objective of natural science teaching 
as being general education at the junior stage, and specialisation preparing 
for entrance to the university faculties of medicine, veterinary science, 
agriculture, pharmacy and chemistry, at the senior stage. 


SYLLABUSES 


The main points in the natural science programme for the junior 
stage are as follows : 
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Ist class : resemblances between, and functions of, animals and plants ; 
man considered biologically as a creature who is born, eats, acts, reproduces 
his kind, and dies ; nutrition ; general study of foods and their sources, 
diet in relation to age, occupation and climate ; elementary anatomy 
and physiology of the digestive system and related glands; organs and 
secretions engaged in the digestion of bread, butter, meat and other 
common foods ; hygiene of digestion ; intestinal absorption ; elementary 
composition of the blood ; elementary anatomy, physiology and hygiene 
of the circulatory and respiratory systems; excretion and elementary 
anatomy, physiology and hygiene of the skin and kidneys; animals 
important to man: mammals, birds, fishes; plant nutrition; plants 
important to man: description, cultivation and significance of maize, 
sugar cane, wheat or rice (according to locality) ; general study of culti- 
vations and their importance to the country’s economy ; general study 
of monocotyledons. Practical work. 


2nd class: study of man’s environment in relation to the stimuli to 
which all living creatures react ; general study of sense organs ; elementary 
anatomy, physiology and hygiene of the five senses ; human locomotion, 
general study of the skeleton and the muscular system ; gymnastics and 
sports as basis of the normal development of the locomotory system ; 
nervous coordination of movement; general anatomy and physiology 
of the nervous system ; rest and sleep in relation to the normal functioning 
of the nervous system ; hours of study, hours of sleep, holidays and how 
to use them; animals important to man: molluscs, insects, arachnids, 
myriapods and crustacea ; illnesses caused by insects, their prevention, 
and general study of intestinal worms ; malaria and the campaign against 


it ; plant relations ; plants important to man. Practical work. 


4th class: the cell; morphology, structure and properties of living 
matter, biogenesis ; cell association and differentiation ; somatic and sexual 
cells ; general study of tissues ; elementary comparison of plant and animal 
nutrition ; foods ; principles of nutrition, food values ; the national problem 
of nutrition ; education and propaganda ; development of agriculture and 
animal husbandry ; communications ; function of intermediate agents ; 
food prices in relation to wages; elementary comparison of animal and 
plant reproduction ; human reproduction ; hygiene of sex ; the personal 
and social menace of venereal disease ; fundamental biological problems : 
heredity, eugenics, the origin of life; Lamarck and Darwin, modern 
theories of evolution, the origin of the human race; geographical distribu- 
tion of living things, the influence of the environment ; mimesis ; biological 
associations ; the method of biology; sciences auxiliary to biology ; 
biology and human progress. 

At the senior stage the natural science programme comprises : 

Botany: cryptogams, bacteria, mushrooms, pteridophytes, spermat- 
ozoa, monocotyledons, dicotyledons, papaveraceae, euphorbaiceae and 
rutaceae, loganiaceae, solanaceae and rubiaceae. 

Zoology: general classification of protozoa, rhizopods and ciliata, 
sporozoa, flagellates, annelids, nemathelminths, plathelminths, insects, 
arachnids ; study of pathogenic types of same, where the need arises, and 
preventive measures. 
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Biology : physico-chemical composition of living matter ; physiology 
of cells ; cell division ; tissues ; general study of embryology of vertebrates ; 
neurones and muscular fibre ; cell irritability ; heredity and the chromo- 
some theory ; applied genetics ; organisms and the physical environment ; 
the biological environment and the interaction of species; selection ; 
origin of species ; theory of evolution ; paleontological epochs and forms 
of life ; human ecology ; biological value to man of various environmental 
factors of selection ; the individual and society ; anatomy and physiology ; 
systems (digestive, circulatory, respiratory, reproductive, etc.), nervous 
system and sense organs in man and other vertebrates. 

The syllabuses also include practical work to accompany the teaching 
of these various subjects, comprising exercises with the microscope, the 
culture of bacteria, etc., the identification of certain animalcula (protozoa, 
arachnids, etc.), elementary methods of histology, microscopic observation 
of some animal tissues, dissections (mammal, bird, reptile, batrachian, 
fish), ete. 


METHODS 


In accordance with the instructions on methods given in the sylla- 
buses, the experimental method and systematic observation are employed. 
The syllabuses give as much importance to formal teaching as to practical 
work at the junior stage, and more importance to laboratory work, to 
which twice as much time is devoted as to formal teaching, at the senior 
stage. 

Practical work takes the form of experiments in class, laboratory 
work, observation of nature, study of the environment, drawing, and 
excursions and visits to factories and other undertakings. Applications 
to daily life are made in many cases. 

Textbooks are used, but no official instructions are issued in this 
connection, except that secondary schools must choose from an approved 
list drawn up by the Ministry of Education. 

To illustrate teaching, use is made of the following auxiliary aids : 
apparatus, objects. collections, pictures, lantern slides, films, books from 
the school library, museums, etc. A list of the equipment that secondary 
establishments are required to possess is published by the Ministry. 


TEACHING STAFF 


Natural science teachers in secondary schools take a four-year course 
in the biology and chemistry section of the institute of education. Candid- 
ates for admission to this institute must possess the general secondary 
certificate or the primary teacher's certificate. The course embraces 
scientific training and ordinary and specialist professional training. 

The various natural science subjects are each taught by a specialist 
teacher. 

For the purpose of further training, secondary teachers go on trips of 
exploration to certain natural regions. In this connection mention should 
be made of the studies made by various teachers from the institute of 
education, in the central parts of the country, with a view to (a) finding 
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mountainous and coastal regions suitable for taking pupils to for the 
purpose of observing nature and natural phenomena, (b) collecting 
marine plants and animals in the mangrove forests on the coast, and (c) 
taking photographs of use as auxiliary teaching aids. 

These trips also give opportunity to collect a great deal of material 
both for use in ciass and for enlarging the collections of official institutions. 

The teachers belonging to the biology and chemistry section of the 
institute of education meet once a month to discuss the problems of 
natural science teaching. 


MISCELLANEOUS 


A plan of reform of official syllabuses has been drafted. 
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